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The YN results are presented from a new version of the Extended-soft-core (ESC) potential model 
for Baryon-baryon (BB) scattering. The potentials consist of local- and non-local-potentials due to 
(i) One-boson-exchanges (OBE), which are the members of nonets of pseudoscalar-, vector-, scalar-, 
and axial-vector mesons, (ii) Pomeron and Odderon exchanges, (iii) Two pseudoscalar exchange 
(PS-PS), and (iv) Meson-Pair-exchange (MPE). Both the OBE- and Pair-vertices are regulated by 
gaussian form factors producing potentials with a soft behavior near the origin. The assignment of 
the cut-off masses for the BBM-vertices is dependent on the 5'?7(3)-classification of the exchanged 
mesons for OBE, and a similar scheme for MPE. In addition to these standard ingredients of the 
ESC-models also the possible short range repulsion due to the quark Pauli-principle in the BB- 
channels is included in the analysis, for the first time in a systematic way, in this paper. 

The present version of the ESC-model, called ESC08, describes nucleon-nucleon (NN) and 
hyperon-nucleon (YN) as well as the S=-2 hyperon-hyperon/nucleon (YY) in a unified way us¬ 
ing broken 5'C/(3)-symmetry. Major novel ingredients with respect to the former version ESC04 
are the inclusion of (i) short-range gaussian odderon-potentials corresponding to the odd number 
gluon-exchange, (ii) exceptional short range repulsion in specific YN and YY channels due to Pauli- 
forbidden six-quark cluster (Os)®-configurations. Further new elements are (i) the extension of the 
J^'^ = axial-vector meson coupling, (ii) the inclusion of the = I"' axial-vector mesons, 
and (iii) a completion of the 1/M-corrections for the meson-pair-exchange (MPE) potentials. Like 
in the ESC04-model, the octet and singlet coupling constants and F/{F -f D)-ratio’s of the model 
are conform the predictions of the quark-antiquark pair-creation (QPC) model with dominance of 
the ^Po-mechanism. This not only for the OBE-couplings but also for the MPE-couplings and 
F/(F -\- D)-ratio’s. 

Broken 5C/(3)-symmetry serves to connect the NN, the YN and the YY channels. The fitting of 
NN dominates the determination of the couplings and the cut-off masses. Only a few parameters are 
strongly influenced by the YN data, and by the constraints for the YY -interactions following from G- 
matrix analyses of hypernuclei. In particular, the meson-baryon coupling constants are calculated 
via SU{3) using the coupling constants of the NN-analysis as input. In contrast to ESC04, we 
do not consider medium strong fiavor-symmetry-breaking (FSB) of the coupling constants. The 
charge-symmetry-breaking (CSB) in the Ap and An channels, which is an SU{2) isospin breaking, 
is included in the OBE-, TME-, and MPE-potentials. 

For the ESC08-model we performed a simultaneous fit to the combined NN and YN scattering 
data, supplied with constraints on the YN and YY interaction originating from the G-matrix infor¬ 
mation on hypernuclei. In addition to the usual set of 35 YN-data and 3 Y^p cross-sections from a 
recent KEK-experiment E289, we added 11 elastic and inelastic Ap and 3 elastic cross-sections at 

higher energy. We obtained within this simultaneous fit /NNdata = 1.081 and /YNdata = 1-08. 

In particular, we were able to fit the precise experimental datum rn = 0.468 ±0.010 for the inelastic 
capture ratio at rest rather well. 

Besides the results for the fit to the scattering data, which defines the model largely, also the 
application to hypernuclear systems, using the G-matrix method, is rather important in establishing 
the ESC-model. Different versions of e.g. the ESC08-model give different results for hypernuclei. 
The reported G-matrix calculations are performed for YN {AN, T,N, 3N) pairs in nuclear matter 
and also for some hypernuclei. The obtained well depths {Ua, Us, Us.) reveal distinct features of 
the ESC-model. 

The inclusion of a quark core Pauli-repulsion can make the E-nucleus interaction sufficiently 
repulsive, as seems to be required by the available experimental evidence. Furthermore, the ESC08- 


model gives small spin-orbit splittings in A-hypernuclei, which is also indicated by experiment. 
PACS numbers: 13.75.Cs, 12.39.Pn, 21.30.+y 
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I. INTRODUCTION 

This is the second in a series of papers [1-3] , hence¬ 
forth referred to I, II, and III respectively, on the results 
of the Extended-soft-core (ESC) model for low and in¬ 
termediate energy baryon-baryon interactions using the 
ESCOS-model. The first results on the BB-channels and 
applications to hypernuclei were given in the review [4]. 
With the ESC04-models [5-7], it was shown that a very 
successful description of the presently available baryon- 
baryon scattering data could be achieved within the ESC- 
approach to the nuclear force problem. Also, such a de¬ 
scription was obtained with meson-baryon coupling pa¬ 
rameters which can be understood rather nicely within 
the context of the ^Pq- quark-pair creation mechanism 
[ 8 , 9]. This latter mechanism has been shown to be dom¬ 
inant in the framework of lattice QCD [10]. The simulta¬ 
neous and unified treatment of the NN and YN channels 
in ESC04, using broken S'?7(3)-flavor, has given already 
a rather successful potential model for the low and inter¬ 
mediate energy baryon-baryon scattering data. Further¬ 
more, the basic ingredients of the model are physically 
motivated by the quark-model (QM) and QCD. 

The G-matrix calculations showed that basic features of 
hypernuclear data are also reproduced rather well, im¬ 
proving several weak points of the soft-core OBE-models 
[11-13]. However, there remained the problem that the 
meson-exchange models seem to be unable to give a pos¬ 
itive well depth U^. A second problem posed the very 
small spin-orbit splittings in A-hypernuclei [14, 15]. In 
this paper we extend and refine the ESC-model in order 
to provide improvements and answers to these issues. 
First, we list the new ingredients of the here presented 
version ESCOSc, which are more or less in line with the 
ESC-approach as presented so far. In this category, the 
following additions to the ESC04-model are made for the 
present ESCOS-model: 

(i) For the axial-vector mesons with = l^"*", the 

A-mesons, next to the 757 ^-coupling also the derivative 
75 fc^-coupling is exploited. 

(ii) The axial-vector mesons with = I"' , the B- 

mesons, are included as well. The latter have potentials 
of the same type as the pseudo-scalar mesons, but have 
an opposite sign. We notice that now the set of the ex¬ 
changed quantum numbers for OBE-potentials is identi¬ 
cal to that for MPE-potentials. 

(iii) For the meson-exchange we have included the Brown- 
Downs-Iddings anti-symmetric spin-orbit potentials from 
pseudoscalar-, vector-, scalar-, and axial- meson ex¬ 
change [16]. 

(iv) We have completed the 1/M-corrections for meson- 

pair-exchange (MPE), in particular for the = l^^- 
and = 1“' -axial pairs. This also leads to new 

important contributions to the anti-symmetric-spin-orbit 


interaction [17]. 

(v) For the diffractive contribution we have next to 
the Pomeron-exchange [18] added the Odderon-exchange 
[19]. Whereas in QCD the Pomeron can be associ¬ 
ated with colorless even number (2,4, ...) of gluon- 
exchanges, the Odderon is associated with the colorless 
odd number (3,5, ...) of gluon-exchanges. At low ener¬ 
gies the Pomeron has = 0+“'', but the Odderon has 
= 1 — . 

Secondly, we have opened the possibility to incorporate 
possible effects of a ’structural’ or channel-dependent re¬ 
pulsion due to Pauli-blocking. This repulsion originates 
from a ’forbidden-state’ in the SU(6)/s Quark-Cluster- 
Model (QCM) [20, 21]. This is the analog of a well known 
effect in aa-scattering discovered in the sixties [22]. This 
’forbidden-state’ is the [51]-irrep and this irrep occurs 
with a large weight in the two = l/ 2 “''-baryon states 
in the SU(3)/-irreps {10} and { 8 s}. These irreps are 
prominent in the E+p(^5'i)- respectively the YNQ-Sq)- 
states. These are precisely the states where according 
to e.g. the G-matrix calculations the ESC-models pos¬ 
sibly lack some repulsion. This repulsion seems to be 
indicated by experiment [23, 24]. The [51]-irrep also oc¬ 
curs in the other NN-, YN-, and YY-channels, but with 
roughly equal weights, see [20], apart from a few S=-2 
channels, e.g. EN{I = 1,S = 0). 

We account for the ’exceptional-repulsion’ in a phe¬ 
nomenological way by enhancing the ’’pure” Pomeron- 
coupling. So the effective Pomeron-repulsion consists 
of the pure Pomeron-exchange contribution augmented 
with a fraction of Pauli-blocking repulsion, which varies 
for the different BB-channels. (The other typical quark- 
cluster effects like e.g. one-gluon-exchange (OGE) an¬ 
nex quark-interchange is in ESC-models taken care of 
by meson exchange.) In this work we try to deter¬ 
mine the strength of this Pauli-blocking effect in BB- 
channels. The fit to NN determines the sum of both 
the pure Pomeron-repulsion and the Pauli-blocking re¬ 
pulsion. The fit to YN determines the fraction of Pauli- 
blocking in it. 

The ESC08-model realizes a fusion between the soft¬ 
core meson-exchange potentials and QCM-aspects of the 
baryon-baryon interactions and can be called a ’hybrid’ 
ESC-model. The soft-core meson-exchange model has 
been described in detail in previous papers, [5-7]. There¬ 
fore, we may refer here to those papers for a description 
of (a) the physical background, (b) the employed formal¬ 
ism, (c) the description of the potentials, either in details 
or in references to papers where further information may 
be obtained. In this paper we will derive (i) the new 
OBE-potentials employed here for the first time in the 
context of the ESC-model, (ii) the Odderon-potentials, 
and (iii) a derivation of the short-range phenomenology 
connected to the quark Pauli principle within the context 
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of the SU(3)/-formalism as used in the Nijmegen poten¬ 
tials. Next to these items, we will also give the new \/M- 
corrections for the axial-meson-pair-exchange potentials, 
where we restrict ourselves to the spin-spin and tensor 
contributions. The YN symmetric and anti-symmetric 
spin-orbit potentials will be described in another paper. 

In [5, 6] a detailed description of the basic features of 
the ESC-models has been given and motivated. Many of 
these were already present in the Nijmegen soft-core [12] 
and hard-core [25] OBE-models. We refer the reader to 
these references for the description and discussion of the 
items such as: (broken) SU(3)-flavor, charge-symmetry¬ 
breaking (CSB) in YN, meson-mixing in the pseudo¬ 
scalar-, vector-, scalar- meson SU(3)-nonets, the role of 
the quark-antiquark pair-creation ^Po-model for BBM- 
and BBMP-couplings. Also, in e.g. [6] one finds a reca¬ 
pitulation of the goals of our continued investigation of 
the baryon-baryon systems. 

In the soft-core Nijmegen OBE- and ESC-models the 
form factors are taken to be of the gaussian-type. In 
the (non-relativistic) QM’s a gaussian behavior of the 
form factors for ground-state baryons is most natu¬ 
ral. The two-particle branchpoints, corresponding to e.g. 
TTTTjTrp, ATp-etc., are in the ESC-models accounted for 
by the MPE-potentials. Gaussian residue functions are 
used in regge-pole models for two-particle reactions at 
high-energy and low momentum-transfers. 

As pointed out in [5, 6] S't/(3)-symmetry and the QPC- 
model give strong constraints on the coupling param¬ 
eters. The ^Pp-niodel also offers the possibility to in¬ 
troduce a scheme for hypercharge breaking a la Gell- 
Mann-Okubo for the BBM-couplings. In order to keep 
some more flexibility in distinguishing the NN- and the 
YN{S = —l)-channels, such a medium-strong breaking 
was explored in the NSC97 [13] and ESC04 [6]. In the 
present study we do not apply such a breaking. The re¬ 
sults show that a scheme of SU(3) symmetric couplings 
with only mass breaking can give an excellent description 
of all BB interactions. 

The content of this paper is as follows. In section 
II we review very briefly the scattering formalism, the 
Lippmann-Schwinger equation for the T- and V-matrices. 
Similarly, in section III the NN and S' = — 1 YiV-channels 
on the isospin and particle basis, and the use of the multi¬ 
channel Schrodinger equation is mentioned. The poten¬ 
tials in momentum and configuration space are defined 
by referring to the description given in [5]. Also SU(3)- 
breaking is reviewed briefly. In section IV on the OBE- 
potentials, the additions for ESC08 in comparison with 
the ESC04-model are described. Here, we give the new 
potentials in momentum and configuration space. In sec¬ 
tion V the SU(3) structure of the MPE-potentials is given 
and the additions in comparison with the ESC04-model 
are listed. The latter are the axial = 1^ {-kuj)- 

pair potentials, which is the content of Appexdix B. In 
section VI the short-range phenomenology is discussed. 
We derive the incorporation of the ’exceptional’ Pauli- 
repulsion, which shows up ’exceptionally’ large in the 


SU(3)-irreps {10} and {8^}. 

In section VII the simultaneous NN 0 YiV 0 YY fitting 
procedure is reviewed. In section VIII the results for the 
coupling constants and F/{F T>)-ratios for OBE and 
MPE are given. They are discussed and compared with 
the predictions of the QPC-model. Here, also the values 
of the HHM-couplings are displayed for pseudo-scalar, 
vector, scalar, and axial-vector mesons. 

In section IX the W-results for ESC08c from the com¬ 
bined NN 0 ViV 0 YY-fit are discussed. In section X 
we discuss the fit to the YN scattering data. In sec¬ 
tion X, the hypernuclear properties of ESC08 are stud¬ 
ied through the G-matrix calculations for YN {AN, YN, 
SV) and their partial-wave contributions. Here, the im¬ 
plications of possible three-body effects for the nuclear 
saturation and baryon well-depths are discussed. Also, 
the AA interactions in ESC08 are demonstrated to be 
consistent with the observed data of jVvHe. In section XI 
we finish by a final discussion, draw some conclusions, 
and an outlook. In Appendix A we display the full SU(3) 
contents of the MPE-couplings, and in Appendix B for 
completeness the axial-pair potentials are 

given. Einally, in Appendix C the antisymmetric spin- 
orbit potentials are derived explicitly for strange meson- 
exchange K, K*, K, and Ki. 


II. SCATTERING FORMALISM, THE 
LIPPMANN-SCHWINGER EQUATION, 
POTENTIALS 

In this paper we treat the nucleon-nucleon (NN) and 
hyperon-nucleon (YN) reactions with strangeness S = 
0,-1. Since in general there are both ’direct’ and ’ex¬ 
change’ potentials, the ordering of the baryons in the in¬ 
coming and outgoing states needs special attention. For 
keeping this ordering clear, we consider for definiteness 
the hyperon-nucleon reactions 

Y{pi,Si) + N{p 2 ,S 2 ) ^Y'{p[,s[) + N'{p 2 ,S 2 ) . (2.1) 

Like in [12], whose conventions we will follow in this pa¬ 
per, we will also refer to Y and Y' as particles 1 and 3 
and to N and N' as particles 2 and 4. The fou r momen- 
tum of particle i is pi = {Ei,'ki) where Ei = i/kf 0 
and Mi is the mass/ The transition amplitude matrix M 
is related to the ^-matrix via 

{f\s\i) = im - i{27:mPf - P^){f\M\t) , (2.2) 

where Pi = pi + P 2 and Pf = p[ + P 2 represent the total 
four momentum for the initial state |i) and the final state 
[/). The latter refer to the two-particle states, which we 
normalize in the following way 

(pi,P2|Pi:P2) = (27r)^2£:(ki)(5^(p} - pi) • 

x{27rf2E{k2)S^{p'^-p2) . (2.3) 
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We follow section II of [12] in detail. The transfor¬ 
mation to the non-relativistic normalization of the two- 
particle states leads to states with 

(p'i,si;p2,S2|Pi7'Si;P2,S2) = (27r)®^3(p'i - pi) • 

x5^(P2 - P 2 ) ■ (2.4) 

For these states we define the T-matrix by 

if\T\i) = {4M34{E3+E4)}-Hf\M\i){4Mi2{Ei+E2)}-^ , 

(2.5) 

which satisfies the Lippmann-Schwinger equation [12] 
(3,4|T|l,2) = (3,4|y|l,2) + ^^ J . 

x(3,4|FK,n2) 2^^Cr'- (^i.^2|r|l,2) , 

( 2 . 6 ) 

and where analogously to Eq. (2.5) the potential V is 
defined as 

{f\V\i) = {4M34{E3+E4)}-Hf\W\i){‘iM42{Ei+E2)}-i . 

(2.7) 

Above, we denoted the initial- and final-state CM- 
momenta by Pi and p f. Using rotational invariance and 
parity conservation we expand the T-matrix, which is a 
4 X 4-matrix in Pauli-spinor space, into a complete set of 


Pauli-spinor invariants ([ 12 , 26 ]) 
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T = '^T,{pj,p'^,p,.pf) P, . (2.8) 

Introducing 

q=^(P/+Pi)i k = p/-pi, n = p,xp/=qxk 

( 2 . 9 ) 

with , of course, n = q x k, we choose for the operators 
Pi in spin-space 

Pi = 1 , ( 2 . 10 a) 

P2 = (Ti ■ 0-2 , (2.10b) 

P3 = (cTi • k)((T2 • k) - i(cri • o-2)k^ , ( 2 . 10 c) 

P4 = ^(cTi 4 -0-2) • n , ( 2 . 10 d) 

P5 = (cTi • n)(cr2 • n) , (2.10e) 

Eg = ^(cTi - <72) • n , (2.10f) 

P7 = (cTi • q)((T2 • k)-I-(cTi • k)(cr2 • q) ( 2 . 10 g) 

Ps = (cTi • q)((T2 • k) - (cTi • k)(o-2 • q) . (2.10h) 


Here we follow [12, 26], except that we have chosen here 
P 3 to be a purely ‘tensor-force’ operator. 


Similarly to (2.9) the potentials are expanded as 
6 

U = ^U(k2,q2)p . (2.11) 

i=l 

The potentials in configuration space are described in 
Pauli-spinor space as follows 

V{r) = Vcir) + V^{r)(Ti-(T2 + VTir)Si2 + VsLsir)- 

xL-S++VALsir)L-S^+VQir) Q 42 ,( 2 . 12 ) 

where S± = ((Ti±cr 2 )/ 2 , and see e.g. [12] for a definition 
of the operators 5'i2 and Qi 2 - 


III. CHANNELS, POTENTIALS, AND SU{3) 
SYMMETRY 

A. Channels and Potentials 

On the physical particle basis, there are three charge 
NN-channels: 

q = +2, 4-1,0 : pp ^ pp , pn ^ pn , nn —>• ni(i3.1) 


Similarly, there are four charge YN-channels: 


q = 

-f2 : 

E+p 



q = 

+1 : 

(Ap, 

E+n, E°p) ^ 

(Ap,E+n,E°p), 

q = 

0 : 

(An, 

E°n, E-p) ^ 

(An, E°n, E“p), 

q = 

-1 : 

S“n 

—>■ E“n. 

(3.2) 

Like in 

[12, 

13], the 

potentials are calculated on the 


isospin basis. For S' = 0 nucleon-nucleon systems there 
are two isospin-channels, namely 1=1 and 1 = 0. For 
S = — 1 hyperon-nucleon systems there are also two 
isospin channels: (i) / = ^ : (AiV, EiV —?► AY, EA), 
and (ii) / = | : EN ^ EN. 

For the OBE-part of the potentials the treatment of 
St/(3) for the BBM interaction Lagrangians and the cou¬ 
pling coefficients of the OBE-graphs has been given in de¬ 
tail in previous work of the Nijmegen group, e.g. [12] and 
[13], For the TME- and the MPE-parts the calculation of 
the coupling coefficients has been exposed in our paper 
on the ESC04-model [6]. There we described the method 
of an automatic computerized calculation of these coeffi¬ 
cients by exploiting the ’cartesian-octet’-representation. 

Also in this work we do not solve the Lippmann- 
Schwinger equation, but the multi-channel Schrbdinger 
equation in configuration space, completely analogous 
to [12]. The multichannel Schrddinger equation for 
the configuration-space potential is derived from the 
Lippmann-Schwinger equation through the standard 
Fourier transform, and the equation for the radial wave 
function is found to be of the form [12] 

’^l,j A ~ ~ EijUi j = 0, 


(3.3) 
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where contains the potential, nonlocal contributions, 
and the centrifugal barrier, while Bi j is only present 
when non-local contributions are included. The solution 
in the presence of open and closed channels is given, for 
example, in Ref. [27]. The inclusion of the Coulomb inter¬ 
action in the configuration-space equation is well known 
and included in the evaluation of the scattering matrix. 

The momentum space and configuration space poten¬ 
tials for the ESC-models have been described in paper 
I [5] for baryon-baryon in general. Here, we will only 
give the new contributions to these potentials, both in 
momentum and configuration space. 


B. SU(3)-Symmetry and -Breaking, Form Factors 

The treatment of the mass differences among the 
baryons is handled in the same way as for ESC04, which is 
exactly that of other Nijmegen models [12, 13, 25]. Also, 
exchange potentials related to strange meson exchange 
K, K* etc. , can be found in these references. 

The breaking of SU(3)-symmetry occurs in several 
places. The physical masses of the baryons and mesons 
are used. Noticable is the SU(2) C SU(3) breaking due 
to A — E^-mixing [28]. This A — E'^-mixing leads also to 
a non-zero coupling of the A to the other 7=1 mesons: 
/9(760), ao(980), ai(1270), as well as to the I = 1-pairs. 
For the details of these OBE-couplings see e.g. [13], equa¬ 
tions (2.15)-(2.17). Like in ESC04, the corresponding so- 
called CSB-potentials are included in the ESC08-model 
for OBE, TME, and MPE. 

The medium-strong SU(3)-symmetry breaking of the 
BBM-coupling constants is not tried in ESC08. In the 
ESC04-model this was considered optional, and regu¬ 
lated by the ^Po-model by a differentiation between the 
ss-quark pair and the creation of a non-strange quark- 
antiquark pair. Of course, we could contemplate about 
such an option here, but we did not investigate this op¬ 
tion. 

The baryon mass differences in the intermediate states 
for TME- and MPE- potentials have been neglected for 
YN-scattering. This, although possible in principle, be¬ 
comes rather laborious and is not expected to change the 
characteristics of the baryon-baryon potentials much. 

Also in this work, like ESC04- [5-7] and in the NSC97- 
models [13], the form factors depend on the SU(3) as¬ 
signment of the mesons. In principle, we introduce form 
factor masses, i.e. cut-off’s, Ag and Ai for the {8} 
and {1} members of each meson nonet, respectively. 
In the application to YN and YY, we could allow for 
SU(3)-breaking, by using different cut-offs for the strange 
mesons 77, 77*, and k. However, in the ESC08-model we 
do not exploit this possible breaking, but assign for the 
strange 7 = I/2-mesons the same cut-off as for the 7 = 1- 
mesons. Moreover, for the 7 = 0-mesons we assign the 
cut-offs as if there were no meson-mixing. For exam¬ 
ple we assign Ai for the dominant singlet mesons r]\u!, e, 
and Ag for ry, (/, S*, etc. This means a very slight form of 


SU(3)-symmetry breaking. 

IV. OBE-POTENTIALS IN ESC08 

The OBE-potentials in ESC08 are those contained al¬ 
ready in ESC04 [5, 6], and some new additional contri¬ 
butions. The additions to the OBE-potentials w.r.t. the 
ESC04-models consist of the following elements: (i) ex¬ 
tension of the baryon-baryon-meson vertex of the axial- 
vector mesons {J^'^ = 1'*'“'") by adding the derivative 
coupling, (ii) inclusion of the axial-vector mesons of the 
2nd kind, having = I'' . In paper I [I] the poten¬ 

tials for non-strange meson exchange have been given. 
Here, we list the additions and the basic potentials for 
meson exchange with non-zero strangeness. 

A. Additions to the OBE-Potentials in ESC08 

The interaction Hamiltonian densities for the new 
couplings are 

a) Axial-vector-meson exchange ( = 1“''“'', 1®* kind): 

Ha = 5a[^/7m75V']/>a + ^[^75/^] • (4-1) 

In ESC04 the (y^i-coupling was included, but not the 
derivative /^i-coupling. 

b) Axial-vector-meson exchange ( , 2"'^ kind): 

Bb = — [' 00 -^ 1 . 75 ' 0 ] QAb ■ ( 4 - 2 ) 

rriB 

In ESC04 this coupling was not included. Like for 
the axial-vector mesons of the l®*-kind we include a 
SU(3)-nonet with members 6i(1235), 7i(1170), 7i(1380). 
In the quark-model they are Q(5(^Pi)-states. 

The inclusion of the gaussian form factors is discussed in 
previous papers [12] etc. For the approximations made 
in deriving the potentials from the relativistic Born- 
Approximation we refer also to [12]. Due to these ap¬ 
proximations the dependence on is linearized and we 
write 

V,(k2, q2) = V,„(k2) + V,fc(k2) q2 , (4.3) 

where z = 1 — 8. It turns out that to order q^ only 
Vib ^ 0. The additional OBE-potentials are obtained in 
the standard way, see [11, 12]. We write the potential 
functions Vi of (2.11) in the form 

H,(k^q2)=^L!W(k2).AW(k^m^A2) , (4.4) 

X 

where m denotes the mass of the meson, A the cut-off 
in the gaussian form factor, and X = S, A, B, and O 
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(S= scalar, A= axial-vector, B= axial-vector, and O = 
diffractive/odderon). For the additions when X=S,B the 
propagator is 

AW(k2,m2, A2) = (1 - > 

(4.5) 

and for the additions in the cases X=A,0 the propagator 
is 


Here, A4 is a universal scaling mass, taken to be the 
proton mass, which we also use in the derivative cou¬ 
plings above, as well as in the /y-coupling of the vector- 
mesons. We note that the pole for the derivative coupling 
of the axial-vector exchange is canceled because of a fac¬ 
tor -k^k^/m\). 


. (4.5) 


B. Meson-exchange with Non-zero Strangeness (AY 7 ^ 0) 


For the non-strange mesons the mass differences at the vertices are neglected, we take at the YYM- and the 
A AM-vertex the average hyperon and the average nucleon mass respectively. This implies that we do not include 
contributions to the Pauli-invariants P 7 and Pg. For vector-, and diffractive OBE-exchange we refer the reader 
to Ref. [12], where the contributions to the different H) "^’s for baryon-baryon scattering are given in detail. These 
exchanges lead to the so-called ’exchange-potentials’. For the invariants Oi,..., Og, the expressions analogous to those 
for the non-strange mesons given above apply. This with the amendments that (i) in momentum and configuration 
space there is a complete symmetric appearance of My and Mat, (ii) in confuguration space there appears the baryon- 
echange operator V = —Vx Va operator, and (iii) for the antisymmetric spin-orbit potential V ^ Vx- The details 
are given in Appendix C. Therefore, the H) for these potentials can be obtained from those given in paper I Eqs. 
(4.9)-(4.13), by replacing both My and Mjv by (MyMjv)^/^, and adding a (-)-sign. Furthermore, in the case of using 
the Proca-formalism [29], we get non-negligible contributions from the second part of the vector-meson propagator 
{k^kv/m^) of the K* meson giving 


_VK* ^ T/-W) _ (Afg - Ml) (A/4 - M2) (s) 


(4.7) 


where in the vector-meson-couplings have to be used, and My and Mn must be replaced by In 

(4.7) Ml = M4 = My and M2 = M3 = M^r. Then the additional terms are 


I ^ I 


(M3 — Mi)(M4 — M2) yiP) 

r> y A 


(4.8) 


For the axial-vector meson Kg there is no contribution from the second-term in the propagator. 

For the mesons with non-zero strangeness, K, K*, k, Ka and Kg, the mass differences at the vertices are not 
neglected, we take into account at the FAM-vertices the differences between the average hyperon and the average 
nucleon mass. This implies that we do include contributions to the Pauli-invariants Pg. There do not occur 
contributions to P 7 . 


(a) Pseudoscalar K-meson exchange: 


= - 


P P 
9i392A 


( _h!_'l 57 

\12MyMn ) ’ ' 


{P) 


P P 
-9i392A 


( 1 ^ 

\4MyMn } 


(4.9) 
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(b) Vector-meson itr*-exchange: 


“la — 


“lb — 1/13524 




+/ 13/24 ^g_y^ 2 jvfyMAr I 




V 




2 My 


2 3 3 


V V fV\ yMy^dj^ y y MyMjsf 


= -<jl25r352^4 +8(51^3/24 + /M) 


M 

V V \ VMyMn 


) + /M 


_ £V £V 

_/\4 /13/24 ^^2 


7W2 

V fV 8^^ 

M 


1 - 


My Mn 
/{SMyMn) 


y/ My Mjy y y MyMjsf 


~ 9 Y 3924 + + 1 ^ 3924 )-—- 1 " 8 / 1 ^ 3 / 24 " 


Sif’ = -{(*/t4-/lW 


VM'^MyMn 




/ [AMyMm) 


/{ 1 &M^M%) 


(4.10) 


(c) Scalar-meson bc-exchange: 


= -5f35l4 ( 1 + 


o('S') _ s 

“5 “ 513524 


k 2 


16M2M2 


SAIy Mj\i 2 AIy 


= 0 . 


o(‘5) _ _„s s 

“4 — ^13524 


1 


2 My Mn 


(4.11) 


(d) Axial-vector ATi-exchange = 1++: 

2k2 


^ 2 "^^ = -9^3924 


1 - 


^2b^ = -51354 
= - 9^3924 


SMyMjyf 

3 


54/2I + fli 924 


2 MyM]\} 

1 


y/MyMiY 4 


M 


/13/24 


27W2 


k 2 


QMyMjy 


q("4) _ _Y Y 
^^4 — 5i3524 


AMy M]y 
1 

2 My MlY 


+ 


5^3/24 + f 13924 


A A 


y/ MyMjy ^ ^ k2 
J13J2 


M 


2A42 


1 


2 My 


, =-5^54 


MyMjy 


= 0. 


(4.12) 


Here, we used the B-field description with ar = see paper 1, Appendix A. The detailed treatment of the 
potential proportional to P 5 , i.e. with , is given in paper 1, Appendix B. 


(e) Axial-vector mesons with = 1+ : 

ry(B) _ fB fsi^N + MyY 

^^2 — +/l3/24‘ 


nir 


1 - 


k2 \ rq2 + k2/4 


AMyMn ) 2MyMn \12MyMj\j ) 


\ 


r)(^) _ I fB fB + MyY 

“3 — +/13/24 2 


1 




(4.13) 


(f) Diffractive-exchange (pomeron, K 2 {J = 0)): 

The pomeron carries no strangeness. Therefore, the contribution to the potentials comes from the J=0-part of 
Ar 2 -exchange [18]. The ftf are the same as for scalar-meson-exchange Eq.(4.11), but with zLgf^g 24 replaced by 
T 5 i 354 i ^ 4 id except for the zero in the form factor. Since in ESC08-models gNNa 2 = 0 there is no contribution 
to the exchange with non-zero strangeness. 

(g) Odderon-exchange: Since the gluons carry no strangeness, there is no contribution to the potentials. 

























































As in Ref. [12] in the derivation of the expressions for given above, My and denote the mean hyperon 

and nucleon mass, respectively My = {Mi + M-^j^ and Mjv = {M 2 + Mi)/2, and m denotes the mass of the 
exchanged meson. Moreover, the approximation l/Mf^ + 1/My Ri 2/Mj^My, is used, which is rather good since the 
mass differences between the baryons are not large. 


C. One-Boson-Exchange Interactions in Configuration Space I 

In configuration space the BB-interactions are described by potentials of the general form 


V = ^c{'r) + V„{r)(Ji-a2 + VT{r)Si2 + Vso{'r)'l‘-^ + VQ{r)Qi2 
+VASo{r) i(cri - 0 - 2 ) • L - i ('V^(j){r) + (j){r)'V^ ] )■ ■ P, 


(4.14) 


where 


5'i2 = 3((Ti • f)(cr2 • f) - (cTi • 0-2), 

Qi2 = ^ (cTi • L)((T2 • L)-I-(<72 • L)((Ti • L) 
(j){r) = (j)c{r) + (j)a{r)cri ■ 0-2, 


(4.15a) 

(4.15b) 

(4.15c) 


For the basic functions for the Fourier transforms with gaussian form factors, we refer to Refs. [11, 12]. For the 
details of the Fourier transform for the potentials with P/, which occur in the case of the axial-vector mesons with 
= 1++, we refer to paper 1, Appendix B. 

(a) Pseudoscalar-meson K-exchange: 




m 


1 


V. 


(4.16) 


(b) Vector-meson Ar*-exchange: 


Vv{r) = 


m 


Att 

+ fLgL) 


V V lO 
^13^24 


2 MyMn 


4>c- 


AMyMjy 


v^) 


4A4i/ AlyMjy 


4>c + / is/m 


IQM^MyMN 




+ 


m 


QMyMn 
2 


V V ,/ V _cV , V J^V\ y/MyMjy , J.V j;V 

5i3524 + 15i3/13 + 524/13/ + J13/24 J^2 


m 


^2 


m 




My Mn 

16Mp^ 


M 

V V , I V tV , V fVi y/MyMpj ^ ^ j,i 1 o 

513524 + ( 513/24 + 524 / 13 ) I + / 13/24 r * 5^12 

L • S 


</c + /M^</>"c ('T1-<T2) 


^5lW4+(5r3/2'^4 + /K) 


..V „v , Al„VfV , fV VMyMN , ofVfV^YMN 
5i 3524 + 4 (513/24 + /l3524j f °/l3/24 




' MyMjy 

(c) Scalar-meson K-exchange: 


\ i V fV tV V \ VMyMjy q 

(513/24 ~ /13524) c; ^so 


M 


7W2 


(<Ti - < 72 ) • L Va 


V. 


(4.17) 




5f35l4 


/>°c- 


4:My Mj\[ 


(t'c 


+ 


(mr 


-(/)y(5l2 + 


1 


+ <^cV 


2MyMjy 


0 7721 


AMyMjy 


/>°soL-S + 


V. 


16M^M^ 


(4.18) 
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(d) Axial-vector A'l-meson exchange = 1++: 


m 


+/ 11/21 


I <^c 


2 rrr 


SMy M]\f 


4>c 


m 


A fA , fAA \ VMyMn ,i 


6A/yAf^ 


(^13/24 + /i35m) 


M 


<t)C 


12 MyMnM^ 


</>c \ (<^1 • ^ 2 ) - 


4iMY Mjy 


+ </>^v2) (^1 . ^ 2 ) 


m 


AMyMjsj 
.2 


ffl3ff^4 - 2 ( 5^/24 + fisg2i) 


M 


4 - Al/2i:T772</>T 


27W2 


512 


gt^igWso L • s 


2 MyM]\} 

(e) Axial-vector-meson exchange = 1“' : 


r. 


Vsir) = - 


m {Mn + My) 
47r m? 

2 


2 r 


rB pB 

/ 13/24 


\ 2 My Ad^ 


4'c + 


4:My Mn 




m 


SMy AdjY 


v^) + 


4i\^y Aifjv 


(j)°T S_ 


12 


P. 


(4.19) 


(4.20) 


(f) Diffractive-exchange: Since in the ESCOS-model the diffractive pomeron and odderon exchanges are SU(3) singlets 
there are no contribution to S 0-exchange potentials. 

Above, in Eq.’s (4.16-4.20) the exchange operator is defined as 


r = -VxVa, (4.21) 

where Vx and Va- are the space- and spin-exchange operators respectively. The extra (—Pcr)-operator in (4.17) for the 
antisymmetric spin-orbit potential is explained in Appendix C. We note that —VaV = T’x, which is well defined for 
the coupled singlet-triplet systems. 


D. One-Boson-Exchange Interactions in Configuration Space II 

Here we give the extra potentials due to the zero’s in the scalar and axial-vector form factors. 

a) Again, for X = V,D we refer to the configuration space potentials in Ref. [12]. For X = S we give here the 
additional terms w.r.t. those in [12], which are due to the zero in the scalar form factor. They are 


, ^, mm" 

= -- ^ 




(t>T Q 


12 


gi3g24 


V. 


(t^C - 


AMy Mjy 




2AfyiVfjV 


4o L • s 


b) For the axial-vector mesons, the configuration space potential corresponding to (4.12) is 

1 


=-fj rn 


(kc (cD ■ ^ 2 ) - 


im? Q 

H- (At Si 

AMyMn 


m 


12 MyMj\j 
2 


{x^4>c + ^c^" 


ICTi • 0-2 ) 


L • S 


2 MyMm 


V. 


(4.22) 


(4.23) 


The extra contribution to the potentials coming from the zero in the axial-vector meson form factor are obtained 
from the expression (4.23) by making substitutions as follows 


AV )4 ^(r) — ^ {(tP(j -A (jjc, 4 >t 4'so '/’so) ■ Jp ■ 

Note that we do not include the similar (r) since they involve k^-terms in momentum-space. 


(4.24) 


E. PS-PS-exchange Interactions in Configuration 
Space 


sions for [BW) and K"''{TMO) were derived [30], 


In Fig.’s 2 and 3 of paper I, the included two-meson ex¬ 
change graphs are shown schematically. Explicit expres- 
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where also the terminology BW and TMO is explained. 
The TPS-potentials for nucleon-nucleon have been given 
in detail in [31]. The generalization to baryon-baryon is 
similar to that for the OBE-potentials. So, we substitute 
M and include all PS-PS possibilities with 

coupling constants as in the OBE-potentials. As com¬ 
pared to nucleon-nucleon in [31] we have here in addition 
the potentials with double K-exchange. The masses are 
the physical pseudo-scalar meson masses. For the in¬ 
termediate two-baryon states we take into account the 
effects of the different thresholds. We have not included 
uncorrelated PS-vector, PS-scalar, or PS-diffractive ex¬ 
change. This because the range of these potentials is 
similar to that of the vector-,scalar-,and axial-vector- 
potentials. Moreover, for potentially large potentials, 
in particularly those with scalar mesons involved, there 
will be very strong cancellations between the planar- and 
crossed-box contributions. 


the spin-orbit plays no role, therefore we will report on 
the details of the new spin-orbit terms in a separate 
paper [32]. However, also new 1/M-corrections for the 
spin-spin and tensor potentials were obtained for the 
axial-pair interaction of the 2nd kind, i.e. = 1“' . 

These are relevant for the fits presented in this paper, 
and will be given in this section. Below we give the full 
one-pair exchange potential as used at present, because 
it has not been published before. In the ESC04-models 
only the leading, i.e. the (l/M)°-terms, were used. For 
the derivation of the soft-core pair-interactions we refer 
the reader to [31]. Below we report on this derivation 
for the axial-pair terms of the 2nd kind. The used 
pair-interaction Hamiltonian for e.g. the (7rw)-pair is 

y-B = • O’' (tt 4>f^) l{m^M) , (4.25) 

which gives the BBmim 2 -yevtex 


F. MPE-exchange Interactions 

In Fig. 4 of paper I the pair graphs are shown. In this 
work we include only the one-pair graphs. The argu¬ 
ment for neglecting the two-pair graph is to avoid some 
’double-counting’. Viewing the pair-vertex as contain¬ 
ing heavy-meson exchange means that the contributions 
from /o(750) and e = /o(760) to the two-pair graphs is 
already accounted for by our treatment of the broad p 
and e OBE-potential. The MPE-potentials for nucleon- 
nucleon have been given in Ref. [31]. The generaliza¬ 
tion to baryon-baryon is similar to that for the TPS- 
potentials. For the intermediate two-baryon states we 
neglect the effects of the different two-baryon thresh¬ 
olds. The inclusion of these, although in principle pos¬ 
sible, would complicate the computation of the poten¬ 
tials considerably and the influence is not expected to be 
significant. The generalization of the pair-couplings to 
baryon-baryon is described in Ref. [6], section HI. Also 
here in NN, we have in addition to [31] included the 
pair-potentials with KK-, KK*-, and KK-exchange. The 
convention for the MPE coupling constants is the same 
as in Ref. [31]. 


G. Meson-Pair Potentials, Axial-Pairs (2'“*-kind, 

= 1 +-) 

Recently we have completed the 1 /M, 1 /M^- 
corrections to the adiabatic approximation for the 
pair-potentials. The main reason is the need for a 
careful evaluation of the anti-symmetric spin-orbit terms 
for AN, in particular for pair-interactions involving 
strangeness-exchange like ir — K,tt — K* etc. From this 
evaluation new contributions emerged, in particular for 
the axial pair-interactions = 1“''^, 1^ , leading to a 

substantial improvement w.r.t. experimental spin-orbit 
splittings [15]. In our fitting procedure for the YN-data 


(iwi zL UJ2} cr ■ u> + cr ■ k . 

(4.26) 

The full SU(3)-structure is given in [6], section HIA. 
It is assumed that this pair-coupling is dominated by 
the SU(3)-octet symmetric coupling, and is given by the 
S't/(3)-octet symmetric couplings Hamiltonian in terms 
of SU(2)-isospin invariants and SU(3) isoscalar-factors: 


a(p')rg’ a(p) = 


l-iB^VP = 

73 


{ \ [(®1 ■ Pf ^) ^8 + 


+ [Bi . {K*WK) + h.c.] 


4 

1 

'4 L 

In 


(kItK*) ■ TT -|- {k\tK) ■ p -|- h.c. 
(kI ■ K*)ps + {K\ ■ K)^8 + h.c. 


p • TT - - {K*^ .K + K^-K*)- 


(4.27) 


Here, Bi ^ [iA 75 Tcr^,,i/;] etc. See for a definition of 
the octet-fields ps, 4>8 in terms of the physical mesons 
[6]. From the pair-interaction Hamiltonian (4.27) one 
can easily read off the different meson-pairs that occur 
from the = 1“' -vertex. In Appendix B we give 

the explicit potentials generated by the pair-interaction 

(4.27). 


V. SHORT-RANGE PHENOMENOLOGY 

It is well known that the most extensive study of the 
baryon-baryon interactions using meson-exchange has 
difficulties to achieve sufficiently repulsive short-range in¬ 
teractions in two channels. Namely, (i) the TNp{I = 
3/2,^ S'!)- and (ii) the TiN{I = 1/2,^ 5'o)-channel. The 













11 


short-range repulsion in baryon-baryon conies in prin¬ 
ciple from two sources: (a) meson- and multi-gluon- 
exchange, and (b) the occurrence of forbidden states 
by the Pauli-principle, henceforth referred to as Pauli- 
repulsion or Quark-core. As for (a) in the ESC-model 
[5, 6] the short-range repulsion comes from vector-meson 
exchange and Pomeron/Odderon-exchange (i.e. multi¬ 
gluon). The possibility of mechanism (b) has been ex¬ 
plored in the Quark-Cluster model. See the reviews 
[ 20 , 21 ]. 

Analyzing the Pauli-repulsion in terms of the 517/(3)- 
irreps we find that the ’’forbidden” L = 0 BB-states, 
which are classified in 517/s(6) by the [51]-irrep, indeed 
occur dominantly in the 5?7/(3)-irreps {10} and (Ssj. 
These 5?7(3)-irreps dominate the ^'^p{I = 3/2,^ 5i)- 
and the EN{I = 1/2,^ 5o)-states respectively. These 
facts open the possibility to incorporate the exception¬ 
ally strong Pauli-repulsion for these states by enhancing 
the Pomeron coupling in the ESC-approach to baryon- 
baryon. For the other BB-states the [51]-irrep is present 
also, but roughly with an equal weight as the [33]-irrep. 
Only in a few S=-2 channels,e.g. EN{I = 1,5 = 0) 
there is a stronger presence of the irrep [51]. Therefore 
a slightly moderated 5C//(3)-singlet Pomeron-exchange 
can effectively take care of this Quark-core phenomeno¬ 
logically, together with multi-gluon-exchange effects. 


TABLE I: 517(3)/-contents of the various potentials 
on the isospin basis. 

Space-spin antisymmetric states ^5o, ^P, ^D 2 ,... 
NN NN I = 1 Vnn{I = 1) = V 27 

AA — > AN Vaa ~ 5 ) = (9V27 + Vss) /lO 

AA ^ EA 7 = i Vae ( 7 = 5 )= (- 31/27 + SVa,) /lO 
EA EA Pee (7 = 5 ) = (P 27 + 9^8.) /lO 

EA ^ EA 7=1 Pee (7 = |) = P 27 

Space-spin symmetric states ®5i, ^Pi, ^D,... 

NN ^ NN 7 = 0 Piviv (7 = 0) = Pro* 

AN AN Paa (7 = i) = (Pio* -h Psa) /2 

AA ^ EA 7 = i Pae (7 = i) = (Pro* - Ps J /2 

EA EA Pee (7 = i) = (Pio* -h Ps^) /2 

EA ^ EA 7=1 Pee (7 = |) = Pio 


A. Relation 5t//(3)-irreps and 5t//s(6)-irreps 
Classification YN-states 


In Table V A the 5t//(3)-contents of the NN and YN 
states are shown. In Table V A we show the the weights 
of the 5t/(6)s/-irreps. These are taken from [20] Table 
I, where the 57/(6)/^-classifications are given. Analyzing 
now the (AA, EA)-system for (5 = 0, 7 = 1/2) we find 
from these tables 

f Van, AN \ _ f h 1 \ f ^51] 

\ Peat.stv ) V 4 A / V ^33] 

1 . From (5.1) we obtain by simple matrix operations 
the relation between the SU (6)/s-irreps and the SU (3)/- 
irrreps, which read 


{ ^{ 27 } 

V ^8.} 


4 5 
9 9 

1 0 


Pr 


V: 


[51] 


[33] 


(5.2) 


2. Also, we can read off from the tables the following 
relations 

P7VAr(7 = 1,5 = 0) = -Vjai] + gP[ 33 ] = P{ 27 }j (5.3a) 

PArAr(7 = 0, 5 = 1) = gV[5i] + gP[33] = P{io*}:(5.3b) 

PAAr(7 =-, 5 = 1) = 2 ^[51] + 2^(33] 

= 2 ^{io*} + 2 ^{ 8 a} ■ (5.3c) 


TABLE II: 5[/(6)/s-contents of the various potentials 
on the spin,isospin basis. 




(5,7) 

P = 

aP[5i] + 7P[33] 

NN - 

A NN 

(0,1) 

Vnn 

= |P[51] + |P[33] 

NN - 

^ NN 

(1,0) 

Vnn 

= |P[51] + iP[33] 

AN - 

A AN 

(0,1/2) 

Vaa 

= |P[51] + ^P[33] 

AN AN 

(1,1/2) 

Vaa 

= 5P[51] + |P[33] 

EA-> EA 

(0,1/2) 

Pee 

= liPsi] + ^P[33] 

EA- 

^ EA 

(1,1/2) 

Pee 

= iPsi] + |P[33] 

EA-> EA 

(0,3/2) 

Pee 

= |P[51] + |P[33] 

EA- 

EA 

(1,3/2) 

Pee 

= |P[51] + |P[33] 


From these equations we can solve the 5t/(3)/-irreps 
{27}, {10*}, and {8 q} in terms of the 5t/(6)/s-irreps. 
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Listing the results we now have 


^{21} 

4 5 

“ 9 ^[51] + 9^133] > 

(5.4a) 

I/io*} 

4 5 

“ 9 ^[31] + 9^133] > 

(5.4b) 

^{10} 

8 I 

“ 9 ^[31] + 9^133] > 

(5.4c) 

^{84 

5 4 

“ 9 ^[31] + 9^133] > 

(5.4d) 

^{84 

= V[51] ■ 

(5.4e) 


We see from these results that the [51]-irrep has a 
large weight in the { 10 }- and { 8 s}-irrep, which gives an 
argument for the presence of a strong Pauli-repulsion in 
these S'{7(3)/-irreps. 

According to the study of the wide range of meson- 
exchange models in the last decade using the ESC- 
approach, as a working hypothesis, we assume that the 
apparent lack of an exceptionally strong repulsion in the 
ESC-model for the states in the S'{7(3)/-irreps {10} and 
{ 8 s} cannot be cured by meson-exchange. The inclu¬ 
sion of this possible ’’forbidden state” effect can be done 
phenomenologically in the ESC-approach by making an 
effective Pomeron potential as the sum of ’pure’ Pomeron 
exchange and of a Pomeron-like representation of the 
Pauli-repulsion. As a consequence the effective Pomeron 
potential gets quite stronger in the S'C/(3)/-irreps {10} 
and { 8 s}. This way we incorporate the Pauli repulsion 
effect in the ESC-approach in this paper. 

B. Parametrization Quark-core effects 

1. Linear method: we split the repulsive short-range 
Pomeron-like NN potential as follows: 

VpNN = (1 — a,pB)VpNN + appVpNN 

= Vnn{POM) + Vnn{PB) (5.5) 

where Vnn{POM) represents the genuine Pomeron and 
Vnn{PB) the structural effects of the Quark-core for¬ 
bidden [51]-configuration, i.e. a Pauli-blocking (PB) ef¬ 
fect. So apB denotes the Quark-core fraction of the total 
Pomeron-like potential. A similar relation holds for all 
BB channels. 

VpBB = (1 — 0'Pb)VpbB + apBVpBB 

= Vbb{POM) + Vbb{PB) (5.6) 

Since the Pomeron is a unitary-singlet its contribution 
is the same for all BB-channels (apart from some small 
baryon mass breaking effects). The PB-effect for the BB- 
channels is assumed to be proportional to the relative 
weight of the forbidden [51]-configuration compared to 
its weight in NN 

Vbb{PB) = (n;BB[51]/n;ivjv[51]) • Vnn{PB) (5.7) 


TABLE III: Effective Pomeron-|-PB contribution 


on the spin,isospin basis. 




{S,I) 

Vpbb/Vpnn 

ESCOSc 

NN NN 

(0.1) 

1 

1.000 

NN - 

NN 

(1,0) 

1 

1.000 

AN - 

AN 

(0,1/2) 

1 + |aps 

1.022 

AN - 

AN 

(1,1/2) 

1 -I- |aps 

1.022 

EA ->■ EA 

(0,1/2) 

1 -|- |aps 

1.200 

EA - 

EA 

(1,1/2) 

1 + ^apB 

1.022 

EA ->■ EA 

(0,3/2) 

1 

1.000 

EA - 

EA 

(1,3/2) 

1 + apB 

1.178 


Then we have 

VpBB = (1 — apB)VpMN + apB ( ——1—T ) • VpMN 

\wnn[oI\J 

(5.8) 

For example, in the SU(3)-irrep {10}, e.g. the 
S+p(^S'i,T = 3/2)-channel, one has ^ 35 ( 51 ] = 8/9 = 
2wArAf[51] and therefore Vio{PB) = 2Vnn{PB). Conse¬ 
quently, the total short-range repulsive potential, i.e. the 
’effective pomeron’, becomes Vio = (1 — apB)VpNN + 
‘^clpbVpnn = (1 + clpb)Vpnn- In Table VB we give the 
factors for the various S=0 and S=-l BB channels as well 
as the results in the ESC08c model. 

In principle one might choose a different mass for the 
Quark-core repulsive potential. However, this extra pa¬ 
rameter does not lead to better hts to NN and/or YN. 
Therefore we keep for the Pauli-blocking the same mass 
as the Pomeron mass. The value of the PB factor apB 
is searched in the fit to the YN-data. The S=-2 PB 
effects are then also entirely determined. In the case 
of the models ESC08a’ and ESC08b’ only the channels 
where wbb[ 51] is conspicuously large are treated approx¬ 
imately this way, but with equal weights. These chan¬ 
nels are: E+p(35'i,T = 3/2),1:N{^Sq,T = 1/2), and 
So,T = I). A subtle treatment of all BB chan¬ 
nels according to this linear scheme is characteristic for 
the ESC08c-model. The parameter apB turns out to be 
about 27.5%. This means that the Quark-core repul¬ 
sion is roughly 34% of the genuine Pomeron repulsion. 
Around r=0 the Quark-core repulsion comes out at 115 
MeV, whereas the pure Pomeron repulsion is 304 MeV. 
2. Non-linear method: we introduce next to the fraction 
parameter apB a nonlinear function /(wb_b[ 5I]) in (5.6) 
by writing 

Vbb = (I — apB)VpNN + apBf{wBB[^^)VpNN (5.9) 
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with the requirement that /(wiVAf[51]) = 1 • Such a 
scheme is more flexible than the linear method. For ex¬ 
ample, by taking a steeper function than the linear func¬ 
tion for arguments larger than WArAr[51] one could reduce 
the PB-effects for small ? cbb [ 51 ] values like in AN or 
SA^) and at the same time one could preserve a strong 
PB-effect in the {10}-irrep having /(wio[51]) around 2. 
Therefore starting from the ESCOSc solutions alternative 
YN/YY solutions can be obtained easily. As an exam¬ 
ple one could take the function /(^^^[Sl]) = tan{(pBB) 
with (fiNN = 45°. Taking for arctan((/Jio) = 2 one re¬ 
covers the same Vio{PB) as in the linear scheme above. 
Exploiting the weights wbb[ 51] by parametrizing ipBB in 
the following way 


^BB 


/ w_bb[51] - Wat AT [51] \ 
V uiio[51] - Wat AT [51] ) 


^Nn) + ^NN- 


(5.10) 

one gets the same PB-repulsion for Si^T = 3/2) 

as in the linear method, but smaller PB-repulsions in the 
AN and SiV channels. 


VI. ESC08: FITTING NN © YA © YY-DATA 

In this section we describe mainly the recent changes in 
the fitting process. Eor details on the standard NN©YN- 
fitting we refer to [13]. 

(i) As usual we fit to the 1993 Nijmegen representation 
of the x^-hypersurface of the NN scattering data be¬ 
low Tiab = 350 MeV [33, 34]. The NN low-energy pa¬ 
rameters are fitted along with the scattering data. In 
order to accomodate the differences between the ^ 5 ' 0 - 
waves for pp, np, and nn in the model, we introduce 
some charge independence breaking by taking different 
electric p-couplings gppp ^ gnpp gnnp, where gnnp is 
considered to be the 517(3)-octet coupling. With this 
phenomenological device we fit the difference between the 
^So{pp) and ^So{np) phases, and the different NN scat¬ 
tering lengths and effective ranges very well. We have 
found gppp = 0.6389, gnpp = 0.5889, which are not far 
from gnnp = 0.6446 (cfr.Table V). 

(ii) Simultaneously we fit to 52 YN scattering data. 
These data consist of the usual set of 35 low-energy YN- 
data, as used in [12, 13] and [6] plus 3 total E+p X- 
sections from the recent KEK-experiment E289 [35] and 
some Ap elastic and inelastic data Ref. [36] and E“p elas¬ 
tic data at higher energies Ref. [37]. Eor the total E+p 
and E“p elastic X-sections we have performed the same 
redefinition as eq. (6.3) of [13]. (hi) A novel feature in 
the simultaneous fitting procedure is the inclusion of con¬ 
straints from information derived from hypernuclei and 
hypernuclear matter. For the AA-interaction this means 
not only a) the usual absence of bound states but also 
b) the requirement of a sizable spin-splitting leading to 
Uaa > 1 (cfr. section VII A), c) Because of the experi¬ 
mental absence of E-hypernuclei we require the total sin¬ 
gle particle E-potential in nuclear matter Us to be overall 


repulsive. In the S=-2 channels there are two clear exper¬ 
imental indications; d) from the analysis of the Nagara 
event [38] of the double-A hypernucleus it appears 
that the forces in the AA(^5o)-channel are weakly at¬ 
tractive, indicated by a scattering length aAA(^5o) > — I 
fm [39]. This evidence has been incorporated in the fit 
in the form of ’pseudo-data’ for the (^5o)AA scattering 
length OAA = —0.8 ± (0.2 — 0.4). the error depending 
on the desired impact in the fitting process, e) Experi¬ 
mentally the S-nucleus interaction seems to be attractive 
from analyses of events with twin-A hypernuclei in emul¬ 
sion data, where the initial 5“ energies were determined 
after S“p — AA conversion in nuclei. The S-nucleus in¬ 
teraction can be described well with a Wood-Saxon po¬ 
tential with a depth of ~ 1AMeV [40]. As a consequence 
we require the total single particle 5-potential in nuclear 
matter Us to be overall attractive. We calculate Us with 
the G-matrix formalism (cfr. section X). It appears that 
in the ESC08 model the SA(^5i, T = 1) channel is quite 
sensitive to variation of the coupling constants, whereas 
the other s- and p-wave contributions have rather shal¬ 
low dependencies. The total sum of the contributions 
of the other T = 0 and T = I s- and p-waves to Us 
is « +4 MeV. In order to ensure a clearly total attrac¬ 
tive Us we add ’pseudo-data’ for the SA(^5i,r = 1) 
contribution Us{^Si,T = I) = —12 ± (2 — 4), the error 
depending on the desired impact in the fitting process. In 
practice this particular partial wave channel plays a very 
important role in the simultaneous fitting of the total BB- 
description. The fit has resulted in an excellent simulta¬ 
neous NN (BYN (B YY -fit. We obtained for the NN-data 
/Ndata = 1.081 with also very good results for the NN 
low energy parameters: the deuteron binding energy and 
the pp, np and nn scattering lengths and effective ranges. 
For the YN-data x^/YNdata = 1-08. The ESC08 fits 
were achieved with only physical meson-coupling param¬ 
eters, which are partial-wave independent. The quality 
of the NN-fit is at par with models of Reid-like potentials 
like the Nijm93, Nijm I, and II, which are effective NN- 
potentials with some meson parameters adjusted per par¬ 
tial wave [41, 42]. Since the ESC08-model is an extension 
of the ESC04-model, it is not surprising that in the simul¬ 
taneous NN-, YN and YY fit the OBE-couplings could 
be kept in line with the ’naive’ predictions of the QPC- 
model [5, 9]. Just as in ESC04 most of the F/{F + D)- 
ratios are fixed by QPC, both for the OBE and MPE 
couplings. Once more we stress the fact that the in the 
simultaneous fit of the NN-, YN- and YY-data, a single 
set of parameters was used. Of course, the accurate and 
very numerous W-data put strong constraints on the 
parameters. However, the YN-data, plus the constraints 
for the YN- and YY- channels, are also quite relevant 
for the set of parameters finally obtained. In particular, 
certain fitted F/{F + ZI)-ratios, are obviously influenced 
by the YA-data. The requirement of an overall attrac¬ 
tive Us results in the model always in the occurrence of 
a bound state in SA(^5i, T = l)-channel with a binding 
energy of ~ 2 MeV. 
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A. Coupling Parameters and NN © PA © YY Fit 

The treatment of the broad mesons p and e is as usual 
in the Nijmegen models. For the p-meson the same pa¬ 
rameters are used in the OBE-models [11, 12]. For the 
e = /o(760) assuming = 760 MeV and F^ = 640 
MeV we use the Bryan-Gersten parametrization [43]. For 
the choosen mass and width they are: mi = 496.39796 
MeV, 7712 = 1365.59411 MeV, and /3i = 0.21781,/Sa = 
0.78219. For the ’diffractive’ O^’*'-exchanges we restrict 
ourselves to the SU(3)-singlet part, henceforth referred 
to as ’pomeron’. The possible J=0 part of the tensor- 
meson exchange [11, 12] is not considered. The ’mass’ 
parameter of the pomeron is fitted to be mp = 227.05 
MeV. The ’diffractive’ 0 -exchange ’odderon’ is also an 
SU(3)-singlet with a fitted mass mo = 273.35 MeV. 

Summarizing the fitted parameters in ESC08c we have: 

1. Meson-couplings: /nntv, /nnt,’, PNNp, gNNoj, 

InNp, InNui, gNNaoT 9NNt, 

gNNai, fNNai, gNNf{ , , /atTV&i , fNNh{ 

2. Pair couplings. gNN{T:'K)\^ fNN{'K'K)\^gNN{T:p)\^ 

9N N'kuji ONNizr}-! SNNtte 

3. Diffractive-couplings/masses: 
gNNP, gNNO, JnNO, apB^mp, mo 

4. F/(F + Il)-ratio’s: a™,Q:^ 

5. Cut-off masses: Af = Af, A^, A]’^, Af, Af, 

A^ = A^ 

These are in total 34 physical parameters, of which are 
(i) 14 meson-couplings, (ii) 2 F/{F + Il)-ratio’s, (iii) 
4 ’diffractive’ couplings and 2 mass parameters, (iv) 6 
meson-pair couplings, and (v) 6 cut-off mass parameters. 
As compared to the ESC04-model, we have added 
in ESC08 the following fitting parameters: (i) the 
derivative axial-couplings fNNai, fNNf[, (ii) th® 
axial-couplings /jvtv&i , fNNh[ , (hi) the odderon-couplings 
gNNOifNNO, and mass mo (iv) the pomeron Pauli- 
blocking parameter app, i.e. 8 new physical parame¬ 
ters. All new parameters have been explained above. 
They introduce new dynamical refinements/effects into 
the model, which have resulted in a quality of the com¬ 
bined NN+YN+YY fit for the NN-phases equal to those 
of a purely NN-fit. Some other parameters have been set, 
like e.g. many F/{F + Il)-ratio’s, see below, and a few 
cut-off parameters. 


The pair coupling gNN{Tr- 7 T)o i® set to be zero, which is 
motivated in the Nijmegen soft-core models in view of 
the fact that in ttN it is constrained by chiral-symmetry. 
In the fitting process we look for solutions which have 
meson-couplings which are reasonably close to the ’naive’ 
predictions of the QPC-model. This is also the case for 
the F/{F + D)-ratio’s, both for meson- and for pair- 
couplings. During the fitting we experienced a rather 
shallow dependence on the F/{F + D)-ratio for the 
pseudoscalar octet. In fact we could obtain a very good 
YN fit in a values range 0.33-0.40. Therefore we have 
fixed it on the value = 0.365 obtained from the 
Cabibbo theory of semileptonic decay of baryons [48]. 
Purthermore, the meson-pair couplings turn out to come 
out rather close to predictions based on the ’heavy- 
meson-saturation’-model. So, the fit-parameters are (i) 
physical parameters, i.e. they can be checked in other 
reactions, and (ii) many are ’constraint’ by the QPC- 
model. 

In this work like in the ESC04-models [5, 6 ], the form 
factors depend on the SU(3) assignment of the mesons, 
In principle, we introduce form factor masses As and Ai 
for the {8} and { 1 } members of each meson nonet, re¬ 
spectively. Moreover, for the I = 0-mesons we assign the 
{ 1 } cut-off to the dominant singlet meson and the { 8 } 
cut-off to the dominant octet meson, as if there were no 
meson-mixing. For example we assign Ai to w, e, and 
As to 77, (/), S*, etc. Notice that the strange octet-mesons 
K etc. are given the same { 8 } form factors as their non- 
strange companions. For the cut-off masses A we used 
as free search parameters = Af for the pseudoscalar 
mesons, Ag^ and A\ for the vector mesons and Af and 
Af for the scalar mesons. Furthermore, we finally used 
A^ = Ai for the axial-mesons with = 1++. For the 

axial-mesons with = I"' (B-mesons) the cut-off 
masses have been set equal to those of the pseudoscalar 
mesons A^ = Af and Af = Af. Some of the previous 
{ 8 } and { 1 } form factors have been chosen to be equal 
as a consequence of the impossibility to distinguish them 
in the fitting process. 

Similar to ESC04 we introduce a zero in the form factors 
of mesons, which are P-wave bound states in a gg-picture. 
These are the scalar mesons (^Pq) and the axial-vector 
Pi) mesons. Like in ESC04, we use a fixed zero by 
taking U = 750 MeV in (4.22) and (4.24). 


VII. COUPLING CONSTANTS, F/{F + D) RATIOS, AND MIXING ANGLES 

Like in ESC04, we constrained the OBE-couplings by the ’naive’ predictions of the QPC-model [ 8 ]. We kept during 
the searches all OBE-couplings in the neighborhood of these predictions, but less tight than in ESC04. The same 
holds for the searched a = F/{F + i7)-ratios, i.e. for the PBM-couplings and the PP-Pair-couplings. In fact only 
two meson-coupling F/[F -\- ZI)-ratio’s were allowed to vary during the searches: a™ for the vector mesons, and a a 
for the axial-vector mesons. As mentioned above ap was kept at the fixed value ap = 0.365. Eurthermore we kept 
af = 1 and as = 1 at their QPC values. The input and fitted values are displayed in Table V. 


15 


TABLE IV: Meson couplings and parameters employed in the ESCOSc-potentials. Coupling constants are at = 0. An 
asterisk denotes that the coupling constant is constrained via SU(3). The masses and A’s are given in MeV. Note that the 
B-meson couplings are scaled with msi- The mesons with strangeness are the (i) pseudoscalar 7L(495.8), (ii) vector .A*(892.6), 
(hi) scalar k( 841.0), (iv) axial JsrA(1273.0) and A's(1400.0), with masses as indicated in the parentheses. 


meson 

mass 

g/V^ 

f/x/Yv 

A 

TT 

138.04 


0.2687 

1056.13 

V 

547.45 


0.1265* 

? 7 

v' 

957.75 


0.2309 

7 7 

p 

768.10 

0.6446 

3.7743 

695.67 

<t> 

1019.41 

-1.3390* 

3.1678* 

7 7 

LO 

781.95 

3.4570 

-0.8575 

758.58 

fli 

1270.00 

-0.7895 

-0.8192 

1051.80 

h 

1420.00 

0.7311* 

0.3495* 

5 7 

fi 

1285.00 

-0.7613 

-0.4467 

7 7 

bi 

1235.00 


-1.8088 

1056.13 

hi 

1380.00 


-0.5553* 

7 7 

h'l 

1170.00 


-0.3000 

7 7 

ao 

962.00 

0.5853 


994.89 

fo 

993.00 

-1.6898* 


7 7 

S 

760.00 

4.1461 


1113.57 

Pomeron 

220.50 

3.5815 



Odderon 

273.35 

4.6362 

-4.7602 



The mixing angles for the various meson nonets are discussed in paper I. The used values can be found in Table V. 
For completeness we reproduce in Table IV the fitted ESCOSc NN meson couplings and cut-off masses from paper I. 
Here we discuss only aspects specific for the YN-channels. In Table V the ESC08 SU{3) singlet and octet couplings 
gl\f^ are listed, the E/(F -h ZI)-ratios and the used mixing angles. 


TABLE V: ESC08c SU(3) coupling constants, FjiF + D)-ratio’s, mixing angles etc. The values with *) have are theoretical 
input or determined by the fitting and the constraint from the W-analysis. 


mesons 


{1} 

{8} 

F/{F + D) 

angles 

ps-scalar 

f 

0.2534 

0.2687 

ap = 0.365*^ 

dp = -13.00° *) 

vector 

g 

3.5351 

0.6446 

= 1.0*) 

Ov = 38.70° *) 


f 

-2.6499 

3.7743 

= 0.4721*) 


axial(A) 

g 

-1.0494 

-0.7895 

aA = 0.3121 

Oa = +50.00° *) 


f 

-0.5548 

-0.8192 

= 0.3121*) 


axial(B) 

f 

0.0760 

-1.8088 

as = 0.40*) 

03 = 35.26° *) 

scalar 

g 

4.3610 

0.5853 

as = 1.00*) 

Os = 35.26° *) 

diffractive 

gp 

3.5815 



apB = 0.275*) 


go 

4.6362 





fo 

-4.7602 





In Table VI we list the couplings of the physical mesons to the nucleons (Y = 1), and to the hyperons with V = 0 or 
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Y = —1. These were calculated using unbroken SU(3)-symmetry. Next to the values in the table we have incorporated, 
like in the ESC04 model [6], Charge Symmetry Breaking (CSB) between Ap and An with nonzero A-couplings of the 
1=1 mesons and 1=1 pairs due to A — mixing. 


TABLE VI: Coupling constants for model ESCOSc, divided by \/4w. M refers to the meson. The coupling constants are listed 
in the order pseudoscalar, vector {g and /), axial vector A {g and /), scalar, axial vector B, and diffractive. 



M 

NNM 

SEM 

EAM 

EEM 

M 

ANM 

AEM 

T.NM 

EHM 

/ 

TT 

0.2687 

0.1961 

0.1970 

-0.0725 

K 

-0.2683 

0.0714 

0.0725 

-0.2687 

g 

p 

0.6446 

1.2892 

0.0000 

0.6446 

A* 

-1.1165 

1.1165 

-0.6446 

-0.6446 

f 


3.7743 

3.5639 

2.3006 

-0.2104 


-4.2367 

1.9362 

0.2104 

-3.7743 

9 

ai 

-0.7895 

-0.4929 

-0.6271 

0.2967 

Kia 

0.7404 

-0.1133 

-0.2967 

0.7895 

f 


-0.8192 

-0.5114 

-0.6507 

0.3078 


0.7683 

-0.1175 

-0.3078 

0.8192 

9 

ao 

0.5853 

1.1705 

0.0000 

0.5853 

K 

-1.0137 

1.0137 

-0.5852 

-0.5852 

f 

bi 

-1.8088 

-1.4470 

-1.2532 

0.3618 

KiB 

1.8798 

-0.6266 

-0.3618 

1.8088 

9 

02 

0.00000 

0.00000 

0.00000 

0.00000 

K** 

0.00000 

0.00000 

0.00000 

0.00000 


M 

NNM 

AAM 

EEM 

EEM 

M 

NNM 

AAM 

EEM 

EEM 

f 

V 

0.1265 

-0.1349 

0.2490 

-0.2045 

v' 

0.2309 

0.2912 

0.2026 

0.3073 

9 

UJ 

3.4570 

2.7589 

2.7589 

2.0608 


-1.3390 

-2.2103 

-2.2103 

-3.0816 

f 


-0.8574 

-3.5064 

-0.6296 

-4.7170 


3.1678 

-0.1386 

3.4522 

-1.6497 

9 

n 

-0.7613 

-0.1942 

-1.1549 

-0.1074 

h 

0.7311 

1.2070 

0.4008 

1.2798 

f 


-0.4467 

0.1418 

-0.8551 

0.2319 


0.3495 

0.8433 

0.4008 

1.2798 

9 

e 

4.1461 

3.5609 

3.5609 

2.9758 

fo 

-1.6898 

-2.5176 

-2.5176 

-3.3453 

f 

h[ 

-0.3000 

0.7852 

-0.6617 

1.1469 

hi 

-0.5553 

0.9796 

-1.0669 

1.4913 

9 

p 

3.5815 

3.5815 

3.5815 

3.5815 

f2 

0.0000 

0.0000 

0.0000 

0.0000 

9 

o 

3.6362 

3.6362 

3.6362 

3.6362 






f 


-4.7602 

-4.7602 

-4.7602 

-4.7602 







In Table VII we present the fitted Pair-couplings for the MPE-potentials. We recall that only One-pair graphs are 
included, in order to avoid double counting, see paper I. The F/(F + Zl)-ratios are all fixed, assuming heavy-boson 
domination of the pair-vertices. The ratios are taken from the QPC-model for QQ-systems with the same quantum 
numbers as the dominating boson. Only the ratio in the system with the pseudoscalar quantum numbers deviates 
slightly from QPC, since it has been set equal to the value of ap = 0.365. The BB-Pair couplings are calculated, 
assuming unbroken 5'C/(3)-symmetry, from the NN-Paiv coupling and the F/{F + Zl)-ratio using SU{5). 


TABLE VII: Pair-meson coupling constants employed in the ESCOSc MPE-potentials. Coupling constants are at = 0. The 
F/(F-|-D)-ratio are QPC-predictions, except that = Opv, which is very close to QPC. 



S'I/(3)-irrep 

{aP) 

gl4n 

F/{F + D) 

0 ++ 

{1} 

g{n'K)a 

_ 


0 ++ 

? •> 

5(c-cr) 

— 

— 

0 ++ 

{8}. 

g{ni]) 

-1.2371 

1.000 

I"" 

{8}. 

g{mT)i 

0.2703 

1.000 



f{TTn)i 

-1.6592 

0.400 

1 ++ 

? •) 

g{Tvp)i 

5.1287 

0.400 

1 ++ 

? •) 

g{Tva) 

-0.2989 

0.400 

1 ++ 

? •> 

gi-^P) 

— 

— 

1 +- 

{8}. 

gi-KUj) 

-0.2059 

0.365 


Unlike in [31], we did not fix pair couplings using a theoretical model, based on heavy-meson saturation and chiral- 
symmetry. So, in addition to the 14 coupling parameters used in [31] we now have 6 pair-coupling fit parameters. 
In Table VII the fitted pair-couplings are given, and in Appendix A the SU(3)-structure of the pair-couplings. Note 
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that the (7r7r)o-pair coupling gets contributions from the {1} and the {8^} pairs as well, giving in total g(,r 7 r) = 
—0.4876/2 = —0.2438, which has an opposite sign as in [31]. Also the /(^^j^-pair coupling has an opposite sign as 
compared to [31]. In a model with a more complex and realistic meson-dynamics [44] this coupling is predicted as 
found in the present ESC-fit. The (7rp)i-coupling agrees nicely with Ai-saturation, see [31]. The pair-couplings are 
used in a phenomelogical way in the ESC-approach. They are in general not yet quantitatively understood, and 
certainly deserve more study in the future. 

The ESC-model described here, is fully consistent with SU (3)-symmetry using a straightforward extension of the 
NN-model to YN and YY. Eor example g(,rp)i = 9 AsVP, and besides (7rp)-pairs one sees also that KK*{I = 1)- 
and KK*{I = 0)-pairs contribute to the NN potentials. All F/{F + Il)-ratio’s are taken fixed with heavy-meson 
saturation in mind. The approximation we have made in this paper is to neglect the baryon mass differences, i.e. 
we put ruA = uij] = ttiat. This because we have not yet worked out the formulas for the inclusion of these mass 
differences, which is straightforward in principle. 


A. Parameters and Hyperon-nucleon Fit 

All ’best’ low-energy YN-data are included in the fitting. This is a selected set of 35 low-energy YTV-data, the same 
set has been used in [12] and [13]. We added (i) 3 total E+p X-sections from the KEK-experiment E289 [35], (ii) 7 
elastic and 4 inelastic Ap X-sections from Berkeley [36], and (hi) 3 elastic E“p X-sections [37]. In section VIII these 
are given together with the results. Next to these we added ’pseudo-data’ for the Ap and S+p scattering length’s 
in order to ensure that the Ap(^S'o) forces are sufficiently stronger than the Ap(^S'i). In the construction of the 
ESC04-models, the experience with the NSC97 models was used in hypernuclear calculations. Technically ’favored’ 
values of the s-wave scattering lengths for A7V were imposed as pseudo-data during the fitting procedures, in order 
to get the right spin-splitting for the A7V-interaction in hypernuclei. In nuclear matter this implies Una > 1. In this 
succeeding model ESC08, however, the AiV behavior is slightly different leading to smaller values of Ucrcr- This time, 
we impose instead a larger difference between the s-wave scattering lengths with, of course, |as| > \at\ in order to 
fulfill the constraint Uaa > 1- Furthermore we added ’pseudo-data’ for the S+p(^S'i) scattering length with the goal 
to get enough repulsion in this wave in order to reach a total repulsive Uy,- For the pseudo-data in the S=-2 channels 
we refer to section VI. In the final stages af the fitting process all pseudo-data were turned off. in fm: 

at^p{}So) = -2.60 ± (0.10-0.20) , 

at^p{^Si) = -1.60 ± (0.10-0.20) , 

aY+p[^Si) = -b0.65± (0.10-0.20) , (7.1) 

Also, during the fitting process checks were done to prevent the occurrence of bound Ap states. Parameters, typically 
strongly influenced by the YN-data, are 

1. F/{F ZI)-parameters: Uy and to a less extent oa, For the sensitivity of see section VII. 

2. Pauli-blocking fraction parameter apB- 

The dependence of apB in the fit to YN and YY is rather shallow in a range 0.20 — 0.30. The final value has been 
determined by a minimal value of of the set of the 52 YN data, while simultaneously providing a repulsive Uy- 
This implies that the S=-2 (and -3, -4) results are completely determined. Finally we want to mention that in the 
fitting process we have, if necessary, accounted for the vast difference in quality of the data. The abundance of the 
4313 precise NN data is to be contrasted to the 52 less precise YN data. In the simultaneous fit we require for both 
the NN and for the YN that the quality of the partial fit is comparable, i.e. /NNdata ~ /YNdata- If necessary 
we add weight factors to the partial sums in the total x^- It turned out that in the last stages of the fitting process 
the weight factors are equal. 


VIII. ESC08-MODEL , YA-RESULTS 
A. Hyperon-nucleon (S=-l) X-sections, phases, etc. 

The used YN scattering data from Refs. [45]-[51] in the combined NN and YN fit are shown in Table VIII. The 
NN interaction puts very strong constraints on most of the parameters, and so we are left with only a limited set of 
parameters which have some freedom to steer the YN channels as compared to the NN-channels. The fitted parameters 
are given in paper I, Table’s III-VI and X. 


18 


The aim of the present study was to construct a realistic potential model for baryon-baryon systems with parameters 
that are optimal theoretically, but at the same time describes the baryon-baryon scattering data very satisfactory. 

This model can then be used with a great deal of confidence in calculations of hypernuclei and in their predictions 
for the S = —2, —3, and —4 sectors. Especially for the latter application, these models will be the first models for 
the S = —2, —3, —4 sectors to have their theoretical foundation in the NN and YN sectors. 



Ap Ap 

x' = 3.6 


Ap —Ap 

X' = 3.8 

PA 

^exp 

O'th 

PA 

^exp 

O'th 

145 

180±22 

197.0 

135 

187.7T58 

215.6 

185 

130±17 

136.3 

165 

130.9T38 

164.1 

210 

118±16 

107.8 

195 

104.1T27 

124.1 

230 

101±12 

89.3 

225 

86.6T18 

93.6 

250 

83± 9 

73.9 

255 

72.0T13 

70.5 

290 

57± 9 

50.6 

300 

49.9±n 

46.0 


Ap —>■ Ap 

X" = 12.1 




350 

17.2±8.6 

28.7 

750 

13.6T4.5 

10.2 

450 

26.9±7.8 

11.9 

850 

n.3±3.6 

11.4 

550 

7.0±4.0 

8.6 

950 

n.3±3.8 

12.9 

650 

9.0±4.0 

18.5 





Ap —>■ TPp 

X" = 6.9 




667 

2.8 ±2.0 

3.3 

850 

10.6T3.0 

4.1 

750 

7.5T2.5 

4.0 

950 

5.6T5.0 

3.9 


YY p —>■ Tt'^p 

X" = 12.4 


E“p —E“p 

X' = 5.2 

Pe+ 

exp 

f^th 

Pe- 

^ exp 

^th 

145 

123.0T62 

136.1 

142.5 

152±38 

152.8 

155 

104.0T30 

125.1 

147.5 

146T30 

146.9 

165 

92.0T18 

115.2 

152.5 

142T25 

141.4 

175 

81.0T12 

106.4 

157.5 

164T32 

136.1 




162.5 

138T19 

131.1 




167.5 

n3±16 

126.3 

400 

93.5T28.1 

35.1 

450.0 

31.7T8.3 

28.5 

500 

32.5T30.4 

30.9 

550.0 

48.3T16.7 

19.8 

650 

64.6T33.0 

28.2 

650.0 

25.0T13.3 

15.1 


E-p E°n 

X= = 5.7 


E“p —An 

X" = 4.8 

Pe- 

exp 

O'th 

Pe- 

^ exp 

O'th 

no 

396T91 

200.6 

no 

174T47 

241.3 

120 

159T43 

175.8 

120 

178±39 

207.2 

130 

157±34 

155.9 

130 

140T28 

180.1 

140 

125±25 

139.7 

140 

164T25 

158.1 

150 

111±19 

126.2 

150 

147T19 

140.0 

160 

115±16 

114.9 

160 

124T14 

125.0 

exp 

R 

= 0.468 ± 0.010 



0.455 

X" = 1-7 


TABLE VIII: Comparison of the calculated ESC08 and experimental values for the 52 TA^-data that were included in the 
fit. The superscipts RH and M denote, respectively, the Rehovoth-Heidelberg Ref. [45] and Maryland data Ref. [46]. Also 
included are (i) 3 E+p X-sections at piab = 400, 500, 650 MeV from Ref. [35], (ii) Ap X-sections from Ref. [36]: 7 elastic between 
350 < piab < 950, and 4 inelastic with piab = 667, 750, 850, 950 MeV, and (iii) 3 elastic E“p X-sections at piab ~ 450, 550, 650 
MeV from Ref. [37]. The laboratory momenta are in MeV/c, and the total cross sections in mb. 

The on the 52 YN scattering data for the ESC08 model is given in Table VIII. The AN total cross sections have 
been calculated with L < 2, and the YN total cross sections with L < 1. The capture ratio at rest, given in the last 











a [mb] 
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Ap -> Ap 



FIG. 1: Model fits total X-sections Ap. Rehovoth-Heidelberg-, Maryland-, and Berkeley-data 


row of the table, for its definition see e.g. [13]. This capture ratio turns out to be rather constant in the momentum 
range from 100 to 170 MeV/c. Obviously, for very low momenta the cross sections are almost completely dominated 
by s waves, and so the capture ratio in flight converges to the capture ratio at rest. For more details on the evaluation 
of these observables, we refer to earlier Nijmegen work on this subject. 

The S+p nuclear-bar phase shifts as a function of energy are given in Table IX. Notice that the ^S'l-phase shows 
repulsion. 

The AN nuclear-bar phase shifts as a function of energy are given in Table X. In Fig. I the Ap total X-sections 
are shown for ESCOSc together with the data. At the EA^-threshold the cross section shows a large cusp with a large 
D-wave nuclear-bar phaseshift S{^Di) = 73.2°. This signals the fact that in the T,N{^Si,I = l/2)-state there is a 
strong attraction, with a deuteron-like virtual bound-state on the unphysical sheet. Also, in Fig. 1 we show the cross 
sections in the effective range approximation, dashed lines I and II. Line II is including the shape parameter in the 
effective range expansion, the two-term effective range expansion with the a and r parameters describes the s-wave 
phases well up to pA ~ 400 MeV/c. 


I 

In Table XI the low-energy parameters for Ap and An are shown. The singlet and triplet parameters are displayed 
with the AS°-mixing turned on for pseudoscalar-, vector-, scalar-, meson-pairs-, and ps-ps- exchanges. Notice that 
the effect for the scalar mesons of the AE°-mixing is zero because ag = 1.00. It is clear from these tables that the 
total effect of the AE°-mixing is about given by pseudoscalar and vector exchanges. The differences in the scattering 
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-> E*p #-sections E*p -> E'^p #-sections 



E'p -> E’p #-sections 


E’p -> E'p #-sections 



PLab [MeV/c] 


PLab [MeV/c] 


FIG. 2: Model fits total elastic X-sections Rehovoth-Heidelberg-, KEK-data 

lengths are 

Aus = as{Ap) — as{An) =+0.164:fm, (8.1a) 

Aat = at{Ap) — at{An) =—O.OlOfm. (8.1b) 

These differences are comparable to those for the soft-core OBE models [12, 13], and therefore predict a too small 
binding energy difference in the A=4 hypernuclei, which is AB/^iexp) = — B\{\H) = (0.29 ± 0.06) MeV. 

This in contrast to the HC-model D, which has a much larger Aat [25]. It appeared that CSB via meson-mixing, 
like TT^ — rj, — uj etc., is small and does not improve the CSB for ESC08, which is understandable in view of 
the large cancellations. However, as a consequence of the ESC-models there is a three-body force produced by the 
MPE-interactions, which are fixed by the BB-fit. Therefore, the CSB in the AA^A^-potential may improve the CSB 
predictions significantly. 

In Table XII we list the S+p and AA scattering lengths and effective ranges. Here, (as,rs) are these quantities 
for S+p(^S'o) and {at,rt) for E+p(^5'i). Notice that the difference between ESC08a" and ESC08c is small. This 
is because with SU(3) the ^iSp-wave is constrained by NN, because the ^iSp-states in NN and S+p are both in the 
{27}-irrep, and so there is little room for variations in the ^iSi-wave because of the X-section fit. Therefore, much 
extra repulsion in the triplet wave is impossible. 

In Eig. 4 we plot the total potentials for the S-wave channels AN —>■ A7V, AN —>• EfV, and EfV —>■ UN. Note the 
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E'p -> E°n #-sections 



E'p -> An #-sections 



FIG. 3: Model fits total inelastic X-sections E p —>■ E'^n, An. Rehovoth-Heidelberg-data 


for the soft-core model typical structure of the E+p(^S'i)-potential. Most contributions to the spin-spin potentials are 
proportional to k^, and hence have zero volume integral. This causes the attraction in the inner region. 

Figures for the OBE-, TME-, and MPE-contributions are similar to those for the ESC04-model and have been 
displayed in Ref. [6] and we refer the interested reader to this reference. Likewise for the contributions of the various 
types of mesons to the OBE-potentials, ans also for the contributions of the different kind of pair-potentials to MPE. 


B. Potentials in SU(3)-irreps 

In Fig. 5 the potentials E|^}[GeV] in the SU(3) representations for BB-channels are shown. The solid/red curves 
include SU(3)-breaking and the dashed/green ones are the SU(3)-symmetric curves. In the latter average masses are 
used for the SU(3)-nonets. The curves resemble strongly (qualitatively) those obtained in lattice QCD, except for the 
{l}-irrep [52]. In the ESC-model the behavior in the typical for potentials with a strong spin-spin part, because the 
spin-spin potentials from pseudoscalar- and vector-exchange have zero volume integral forcing them to change sign 
for r ~ 0.5 fm. 

The similarity between the meson-exchange and QCD-lattice potentials shows that with the ESC realization of 
the program starting from the nuclear force, using SU/(3)-symmetry and the QM, a realistic generalization to the 
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TABLE IX: ESCOSc nuclear-bar phases in degrees. 


Pe+ 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1000 

Tlab 

4.2 

16.7 

37.3 

65.5 

100.8 

142.8 

190.7 

244.0 

302.1 

364.5 

^So 

32.21 

38.49 

33.16 

25.30 

16.89 

8.57 

0.55 

-7.10 

-14.38 

-21.29 

"Si 

-5.44 

-11.95 

-18.40 

-24.84 

-30.98 

-36.54 

-41.38 

-45.51 

-49.04 

-52.11 

ei 

-0.36 

-1.74 

-3.22 

-4.32 

-4.96 

-5.23 

-5.23 

-5.09 

-4.86 

-4.60 

"Po 

0.93 

4.86 

8.49 

9.37 

7.61 

4.12 

-0.25 

-4.96 

-9.70 

-14.27 

"Pi 

0.42 

2.27 

4.68 

6.64 

7.53 

7.20 

5.79 

3.59 

0.81 

-2.33 

"Pi 

-0.56 

-2.88 

-5.91 

-9.20 

-12.76 

-16.57 

-20.54 

-24.55 

-28.50 

-32.33 

"P 2 

0.11 

0.92 

2.65 

4.76 

6.71 

8.25 

9.37 

10.09 

10.41 

10.31 

£2 

-0.03 

-0.35 

-1.02 

-1.77 

-2.38 

-2.78 

-2.95 

-2.91 

-2.73 

-2.46 

"Pi 

0.02 

0.29 

0.83 

1.33 

1.40 

0.76 

-0.68 

-2.85 

-5.60 

-8.76 


0.02 

0.30 

0.97 

2.01 

3.38 

4.93 

6.40 

7.57 

8.24 

8.33 

"P 2 

-0.03 

-0.42 

-1.25 

-2.27 

-3.41 

-4.74 

-6.34 

-8.21 

-10.33 

-12.65 

"P 3 

0.00 

0.05 

0.25 

0.63 

1.05 

1.32 

1.34 

1.09 

0.64 

0.08 




TABLE 

X: ESCOSc nuclear-bar Ap phases 

in degrees. 



Pa 

100 

200 

300 

400 

500 

600 

633.4 

Plab 

4.5 

17.8 

39.6 

69.5 

106.9 

151.1 

167.3 

"So 

25.14 

30.86 

27.49 

21.11 

13.88 

6.72 

4.72 

"Si 

18.89 

25.04 

23.33 

18.55 

12.80 

7.27 

6.14 


0.04 

0.12 

0.12 

-0.01 

-0.09 

1.73 

9.29 

"Po 

0.04 

0.22 

0.21 

-0.58 

-2.37 

-4.89 

-5.74 

"Pi 

-0.08 

-0.63 

-2.02 

-4.40 

-7.61 

-11.27 

-12.50 

"Pi 

0.02 

0.00 

-0.34 

-1.22 

-2.59 

-3.88 

-3.89 

"P 2 

0.12 

0.77 

1.98 

3.33 

4.48 

5.31 

5.52 

€2 

0.00 

-0.00 

-0.04 

-0.15 

-0.32 

-0.53 

-0.63 

"Pi 

0.00 

0.08 

0.57 

2.21 

6.74 

24.38 

73.17 

"P 2 

0.00 

0.06 

0.38 

1.17 

2.48 

4.19 

4.81 

"P 2 

0.00 

0.08 

0.44 

1.25 

2.53 

4.10 

4.66 

"Ps 

0.00 

0.05 

0.25 

0.71 

1.38 

2.10 

2.32 


BB-force is achieved. 


IX. ANALYSES WITH G-MATRIX INTERACTIONS 

A. A and S in nuclear matter 

The G-matrix theory gives a good starting point for studies of hyperonic many-body systems on the basis of 
free-space YN interaction models [53-55]. Here, the correlations induced by hyperonic coupling interactions such as 
AN-TN ones are renormalized into single-channel G-matrices. These G-matrix interactions are considered as effective 
interactions used in models of hypernuclei. Thus, the hypernuclear phenomena and the underlying YN interaction 
models are linked through the YN G-matrix interactions, and the hypernuclear information gives a feedback to the 
interaction models. Here, the properties of AN and YN sectors of ESGOSc in nuclear medium are studied on the basis 
of the G-matrix theory. 
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TABLE XI: Comparison Ap and An scattering lengths and effective ranges in fm for different Nijmegen models. 


Model 

Qjs 

Ap 

at 

Cls 

An 

at 

ESCOSc 

-2.46 

-1.73 

-2.62 

-1.72 

NSC97e 

-2.10 

-1.S6 

-2.24 

-1.83 

NSC97f 

-2.51 

-1.75 

-2.68 

-1.67 

NSC89 

-2.73 

-1.4S 

-2.86 

-1.24 

HC-D 

-1.77 

-2.06 

-2.03 

-1.84 

Model 

Vs 

rt 

Ts 

rt 

ESCOSc 

3.14 

3.55 

3.17 

3.50 

NSC97e 

3.19 

3.19 

3.24 

3.14 

NSC97f 

3.03 

3.32 

3.07 

3.34 

NSCS9 

2.S7 

3.04 

2.91 

3.33 

HC-D 

3.7S 

3.18 

3.66 

3.32 


TABLE XII: E^p scattering lengths and effective ranges in fm. 


Model 

ds 

at 

Ts 

rt 

ESC04d 

- 3.43 

-f0.217 

3.98 

-28.94 

ESCOSa" 

-3.85 

4-0.62 

3.40 

-2.13 

ESCOSc 

-3.91 

4-0.61 

3.41 

-2.35 


In Refs. [56, 57], the three-body interaction is added on ESCOSc, being composed of the multi-pomeron exchange 
repulsive potential (MPP) and the phenomenological three-baryon attraction (TEA). The effective two-body potential 
derived from MPP is given as 


yMPp{r; p) 


9p [gp) 


1 4 
47r i/tt 



(9.1) 


where the pomeron mass mp and the pair pomeron coupling gp are fitted to the NN-data etc. In a similar way, one can 
obtain an effective two-body potential with a quartic pomeron coupling gp'^. TEA also is given by a density-dependent 
two-body potential 


VrBAir; p) = V^pA exp(-(r/2.0)^) p exp(-77p) (1 -h Pr)/2 , 

Pr being a space-exchange operator. The values of gp\ gp'^ and V^ba adjusted to reproduce the angular 
distribution of ^®0-|-^®0 elastic scattering oX EjA = 70 MeV with use of the G-matrix folding potential and the value 
A ~ —16 MeV of the energy per nucleon in normal-density nuclear matter. Among three sets given in Refs. [56, 57], 

we adopt here the set MPa = 2.34, g^p = 30.0, VppA — ~32.8 MeV, g = 3.5 fm^), which gives rise to the stiff 
EoS of neutron matter to reproduce a maximum mass 2Mq of a neutron star. 

MPP works universally in all baryon-baryon channels according to its definition. The above values of g^p^ and gp^ 
are adopted in this work. Assuming here that TEA works also in YN channels, its strength is adjusted to reproduce 
well energy spectra of A hypernuclei. As explained later, we take VppA — ~21.0 MeV differently from the above 
value. Hereafter, the interaction ESC08c-|-MPP-l-TEA is denoted as ESC08c+. 

We start from the channel-coupled G-matrix equation for the baryon pair B 1 B 2 in nuclear matter [53], where 
B 1 B 2 = AV and YN: 


GcCq - Pc 


Q 


v' 


W - esj - es' 


-Gc 


(9.2) 


where c denotes a YN relative state (y, T, L, 5", J) with y = (Hi, H 2 ). S and T are spin and isospin quantum numbers, 
respectively. Orbital and total angular momenta are denoted by L and J, respectively, with J = L -|- S. Then, 
a two-particle state is represented as In Eq. (9.2), w gives the starting energy in the starting channel cq. 




















V [MeV] V [MeV] 
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Total V(AN -> AN) ESC08 



Total V(IN -> IN) ESC08 



Total V(AN -> IN) ESC08 




FIG. 4: Total potentials in the partial waves and for I — 1/2- and I = 3/2-states. 
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VsT- V, 








FIG. 5: Exact flavor SU(3)-symmetry: 171-^ = rriK = rrin = 450 MeV 


Ayy/ = Mbi + Mb 2 — Mb[ — Mb'^ denotes the mass difference between two baryon channels. The Pauli operator Qy 
acts on intermediate nucleon states in a channel y = {Bi,B 2 ) = {AN,T,N). We adopt here the continuous (CON) 
choice for intermediate single particle potentials in the G-matrix equation. The G-matrix equation (9.2) is represented 
in the coordinate space, whose solutions give rise to G-matrix elements. The hyperon single particle (s.p.) energy ey 
in nuclear matter is given by 


eriky) =+ UY{kY) , (9.3) 

where ky is the hyperon momentum. The potential energy Uy is obtained self-consistently in terms of the G-matrix 
as 

Uy^ky) = ^(kykTv | Gyn{.^ = eviky) -l-eAr(fcAr)) | kykAr) . (9.4) 

|kjv| 

Here, we need not only on-shell single particle potentials but also off-shell ones because of adopting the CON choice. 

First, let us calculate A binding energies in nuclear matter. In Table XIII we show the potential energies Ua{po) 
for a zero-momentum A and their partial-wave contributions in states at normal density po (/cf=1.35 fm“^), 

where a statistical factor (2J -|-1) is included in each contributin in state. The value specified by D gives the 

sum of contributions. Results for ESCOSc and ESCOSc’*' are found to be not so different from each other, 

because repulsive contributions of MPP are rather cancelled by attractive TEA contributions in normal and lower 
density regions. It should be noted here that the important role of MPP is to stiffen the EOS remarkably by strongly 
repulsive contributions in high density regions. 

The contributions to C/a from S'-state spin-spin components can be seen qualitatively in values of Uaa = Si) — 
3C/a(^S'o))/12. These values of Uaa also are given in Table XIII. In the same treatment, we obtain Ucrcr=^S4: and 
0.92 MeV for NSC97f and NSC97e, respectively. Various analyses suggest that the reasonable value of Uaa is between 
these values [55]. Then, one should note that the Uaa values for ESC08c/c+ are reasonable. 

Next, S binding energies in nuclear matter are obtained by solving the EV starting channel G-matrix equation 
for ESG08c/c“''. In Table XIV we show the potential energies Uy{po) for a zero-momentum E and their partial-wave 
contributions in states for ESGOSc/c*". It should be noted here that the strongly repulsive contributions 

in T = 3/2 and T = 1/2 states are due to the Pauli-forbidden effects in these states, being taken into account 
by strengthening the pomeron coupling in the ESG08 modeling. Experimentally, the repulsive E-nucleus potentials 
are suggested in the observed {'k~ ,K~) spectra. [24, 58, 59] It is a future problem to calculate (tt” , ) spectra with 
use of G-matrix folding potentials, and to select out a reasonable EV interaction model. 
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TABLE XIII: Values of Ua{po) and partial wave contributions in states from the G-matrix calculations (in MeV). The 

value specified by D gives the sum of contributions. Contributions from 5-state spin-spin interactions are given by 

Uaa = {Ua{^Si) - 3C/a(^5o))/12. 



^5o 

®5i 

^Pi 

®Po 

®Pi 

CO 

D 

Ua 

U^a 

ESCOSc 

-13.1 

-26.5 

2.4 

0.1 

1.1 

-3.1 

-1.6 

-40.8 

1.07 

ESCOSc-^ 

-12.6 

-25.4 

2.9 

0.3 

1.6 

-2.1 

-2.3 

-37.6 

1.03 


TABLE XIV: Values of C/e(po) at normal density and partial wave contributions in T) states for ESC08c/c^ (in MeV). 


model 

T 

'5o 

®5i 

^Pi 

®Po 

®Pi 

®P2 

D 

Uy 

ESCOSc 

1/2 

11.1 

-22.0 

2.4 

2.1 

-6.1 

-1.0 

-0.7 



3/2 

-12.8 

30.7 

-4.8 

-1.8 

6.0 

-1.4 

-0.2 

+ 1.4 

ESC08C+ 

1/2 

11.1 

-20.4 

2.6 

2.1 

-5.8 

-0.6 

-0.8 



3/2 

-11.9 

31.8 

-4.2 

-1.6 

6.4 

-0.4 

-0.6 

+7.9 


In the left (right) panel of Fig. 6, Uy, values (their 5-state contributions) are drawn as a function of kp for ESC08c+ 
and ESCOSc by solid and dashed curves, respectively. It is demonstrated that the repulsive Uy values are due to 
T = 3/2 and T = 1/2 ^5o contributions, and the repulsions are enhanced by the MPP contributions. 


B. AN G-matrix interactions 

For applications to various hypernuclear problems, it is convenient to construct fcj’-dependent effective local poten¬ 
tials Q{kp]r) which simulate the G-matrices. Here we parameterize them in a three-range Gaussian form 

3 

Q{kp,r)='^{ai+hikp+Cik%) eyiY>{-r‘^/l3‘^) . (9.5) 

The parameters {ai,bi,Ci) are determined so as to simulate the calculated G-matrix for each state. The 

procedures to fit the parameters are given in Ref. [55]. The obtained parameters for ESCOSc are shown in Table XV. 
For ESCOSc’*', contributions from MPP-l-TBA are represented by modifying the second-range parts of G{kp,r) for 
ESCOSc by AG{kp,r) = (a -I- bkp + ckp) exp —(r/0.9)^. The parameters for AG{kp,r) are given in Table XVI. 

Here, it is worthwhile to comment about a qualitative feature of AQ{kp,r). The MPP contributions increase 
rapidly with matter density: In high (low) density region, they are very large (small), and rather cancelled by TEA 
at normal-density region. Then, net contributions of MPP-l-TBA given by AQ{kp, r) are attractive for smaller values 
of kp than 1.35 fm“^. 

The solved G-matrices include not only AN-AN diagonal parts but also A/V-EA coupling parts, and it is possible 
to extract such coupling parts to treat AA-EA mixing problems. The AA-EA coupling interaction is determined 
so that its matrix elements in k space simulate the corresponding G-matrix elements and its radial form tend to 
that of the bare interaction in the outermost region. In Table XVH (Table XVHI), the parameters of the central 
(tensor) parts of AA-EA and EA-EA interactions in S states are given in a three-range Gaussian (r^-Gaussian) 
form. Here, the kp dependences are represented in the same form as the above diagonal parts. These coupling 
interactions can be used for AA-EA mixing problems together with the AN-AN diagonal interactions in the Table XV. 


The SLS interactions GsLsir) are derived from G- 
matrices GpL'i^) with 5 = 1 by the linear transfor¬ 
mation. The ALS G-matrix interaction Gals between 
•^Pi and ^Pi states is given so that its matrix elements 
in k space simulate the corresponding G matrix ele¬ 
ments (^Pi I G 1^ Pi). Because (^Pi \ G Pi) and 
(^Pi I G p Pi) are different from each other, we derive 
Gals from their averaged values. The SLS and ALS G- 


matrix interactions obtained as a function of kp are rep¬ 
resented in three-range Gaussian forms, the parameters 
of which are given for ESGOSc in Table XIX. 

In order to compare clearly the SLS and ALS com¬ 
ponents, it is convenient to derive the strengths of the 
A l-s potentials in hypernuclei. In the same way as 
in Refs. [6, 13], the expression can be derived with the 
Scheerbaum approximation [60] as (^) = -^A r ^ ^ 
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FIG. 6: In the left (right) panel, the values of Ut, (partial-wave contributions) are drawn as a function of kp by solid and 
dashed curves for ESCOSc”'" and ESCOSc, respectively. 


TABLE XV: Parameters of YNG-ESC08c Continuous choice 
: Q{kF\r) = + bikp + dkp) exp-(r//3i)^ 



Pi 

0.50 

0.90 

2.00 


a 

-3434. 

396.0 

-1.708 


b 

6937. 

-1057. 

0.0 


c 

-2635. 

415.9 

0.0 


a 

-1933. 

195.4 

-1.295 


b 

4698. 

-732.8 

0.0 


c 

-1974. 

330.1 

0.0 


a 

206.1 

67.89 

-.8292 


b 

-30.52 

34.11 

0.0 


c 

16.23 

2.471 

0.0 


a 

2327. 

-254.1 

-.9959 


b 

-2361. 

202.6 

0.0 


c 

854.3 

-43.71 

0.0 


TABLE XVII: Gentral coupling parts of G-matrix interactions 
for ESGOSc, represented in a Gaussian form + + 

Cik%) exp{-{r/. 


Pi 

0.50 0.90 2.00 

a 

AN-EN ^So b 
c 

4596. -702.3 8.525 

-7150. 1160. 0.0 

2760. -438.4 0.0 

a 

T.N-EN ^So b 
c 

-311.9 171.0 8.713 

861.6 -79.17 0.0 

-355.3 70.65 0.0 

a 

AN-T,N ^Si b 
c 

-1525. 211.4 -2.749 

2775. -442.0 0.0 

-1253. 208.0 0.0 

a 

EN-EN ^Si b 
c 

899.5 -158.0 -4.252 
240.3 -31.34 0.0 

-199.9 41.30 0.0 


TABLE XVI: AGikp-, r) = (a + bkp + ckj,) exp -(r/O.g)^ 



^E 

■^E 



a 

20.71 

19.16 

26.31 

24.95 

b 

-51.74 

-49.31 

-73.58 

-71.92 

c 

28.84 

27.30 

64.01 

66.73 


The values of K\ can be calculated with use of QsLs{f) 
and Qals{t)'- The obtained value at kp = 1.0 fm“^ is 3.6 
MeV fm®. This value is far (slightly) smaller than those 
for NSC97e/f (ESC08a/b) [55]. 


C. A hypernuclei by G-matrix folding potentials 

The AN G-matrix interaction given by Table XV is 
expressed as S and (±) denoting spin and party 

quantum numbers, respectively. A A-nucleus potential 
in a finite system is derived from this AN interaction by 
the expression 

t/A(r, r') = Udr + Uex , 

Udr = <5(r-r') J dr” p{r")Vdr{\r-r"\;kF) 

Uex = p{r,r')Vexi\r - r'\;kF) , 


(9.6) 
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TABLE XVIII: Tensor coupling parts of G-matrix inter¬ 
actions for ESCOSc, represented in a r^-Gaussian form 

exp(-(r/^i)^- 


Pi 

0.50 0.90 2.00 

a 

AA-EA 3 Si b 
c 

-39470. 470.3 -.7443 

61860. -901.1 0.0 

-23750. 343.3 0.0 

a 

A A-A A ®Si b 
c 

-209.3 -1.836 -.0218 
367.6 8.251 0.0 

334.4 -14.09 0.0 


TABLE XIX: Parameters of SLS and ALS G-matrix interac¬ 
tions represented by three-range Gaussian forms Q{r-, kp) = 
+ bikp + Cik%) exp —(r//?i)^ in the cases of ESCOSc. 


Pi 

0.40 

0.80 

1.20 


a 

-12920. 

372.4 

-2.030 

SLS 

b 

24580. 

-840.0 

0.0 


c 

-10180. 

337.1 

0.0 


a 

1985. 

12.73 

2.109 

ALS 

b 

-1828. 

41.30 

0.0 


c 

679.8 

-17.58 

0.0 


On the other hand, = —21.0 MeV in ESCOSc’*' 

is chosen so as to give best fitting to the experimen¬ 
tal spectrum of ®®Y. In such an approach, the choice 
of depends on the adopted two-body interaction. 

In [57], the previous version of ESCOSc was used, giv¬ 
ing {7 a(po) = —39.4 MeV shallower than the value —40.8 
MeV in the present work. Then, was taken as 

—32.8 MeV in the same as that in NN channels. 

In Fig. 7, the calculated values are compared with the 
experimental values marked by open circles, the horizon¬ 
tal axis being given as where solid and dashed 

curves are for ESCOSc’*' and ESCOSc, respectively. Here, 
the experimental data are shifted by 0.5 MeV from the 
values given in Ref. [61], which has been recently proposed 
according to the improved calibration [63]. The difference 
between ESCOSc’*’ and ESCOSc is due to the extra terms 
^Q[kF,r) originated from MPP-I-TBA. Especially, MPP 
plays an essential role to reproduce the nuclear satura¬ 
tion property and the stiffness of the EoS of neutron-star 
matter [56, 57]. Then, it is very important that ESCOSc’*’ 
gives better fitting than ESCOSc: The density-dependent 
attraction AQ{kF,r) in low-density region works to re¬ 
produce better the energy spectra of heavy systems and 
B\ values of light systems. In high-density region, this 
extra term leads to the stiff EoS of the hyperon-mixed 
neutron-star matter [57]. The present result suggests 
that such an effect of MPP-I-TBA can be tested in ter¬ 
restrial data of B\ values. 

Finally, it is commented that the A s.p. energies in 
finite systems are not related simply to the Ua{po) val- 


(£) = J EP« + i)[6f±)±5ml- (fT 

^ ^ S=0,1 

Here, densities p{r) and mixed densities p(r, r') are ob¬ 
tained from spherical Skyrme-HF wave functions. 

An important problem is how to treat kp values in¬ 
cluded in G-matrix interactions. We use here the follow¬ 
ing Averaged-Density Approximation (ADA), where an 
averaged value (p) is calculated by {(j)A{r)\p{r)\(j)A{r)) for 
each A state (j)A{r), and (kp) is obtained by (1.57r^(p))^/^. 

Let us calculate the energy spectra of A hypernuclei 
systematically (^^C, ^SSi, ’^iv, s^Y, La, ^ospb). in 
calcidations, since the G-matrix interaction for ESCOSc 
gives rise to larger values of Ba systematically compared 
to experimental data, a factor 1.033 is multiplied on core 
parts (/3 = 0.5 fm). 


lies given in Table XV. The Ua{pq) values of —40.8 MeV 
(—37.6 MeV) for ESCOSc (ESCOSc’*’) are very attractive 
compared to the experimental value of —30 MeV, which 
is the depth Uws of the A Woods-Saxon (WS) potential 
suitable to the data of A hypernuclei. However, it is mis¬ 
leading to compare the Ua{po) value directly to the Uws 
one. The A-nucleus folding potential depends not only 
on the strengths of AN G-matrices but also on their kp 
dependences. Then, the depth Uws of the phenomeno¬ 
logical Woods-Saxon potential of A cannot be considered 
as the A potential depth in nuclear matter. 


X. DISCUSSION, CONCLUSIONS AND 
OUTLOOK 

We have again shown in this paper that the ESG- 
approach to the nuclear force problem is able to make 
a connection between on the one hand the at present 
available baryon-baryon data and on the other hand the 
underlying quark structure of the baryons and mesons. 
Namely, a very successful description of both the NN- 
and YA-scattering data is obtained with meson-baryon 
coupling parameters which are almost all explained by 
the QPG-model. This at the same time in obediance of 
the strong constraint of no bound states in the S' = — 1- 
systems. Therefore, the ESCOSc model of this paper 
are an important further step in the determination of 
the baryon-baryon interactions for low energy scattering 
and the description of hypernuclei in the context of bro- 
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FIG. 7: Energy spectra of ^iSi, ®aV, ®aY, ^l^La and are given as a function of , A being mass numbers of 

core nuclei. Solid (dashed) lines show calculated values by the G-matrlx folding model derived from ESGOSc"*" (ESCOSc). Open 
circles denote the experimental values taken from Ref. [61]. 


ken SU(3)-symmetry. The values for many parameters, 
which in previous work were considered to be free to a 
large extend, are now limited strongly, and tried to be 
made consistent with the present theoretical view on low 
energy hadron physics. This is in particularly the case 
for the F/{F + D)-rai\os of the MPE-interactions. These 
ratio’s for the vector- and scalar-mesons are rather close 
to the QPC-model predictions. 

In analyzing the effect of the Pauli-blocking repulsion 
the conclusion is that from the standpoint of the BB 
scattering-data fitting such a repulsion is not strong. 
This conclusion is in line with arguments from strong- 
coupling QCD (SCQCD). Namely, it has been argued in 
[64] that quark-exchange effects are small. 

The G-matrix results show that basic features of hyper- 
nuclear data are reproduced nicely by ESCOSc, improv¬ 
ing the weak points of the soft-core OBE-models NSC89 


[12], NSC97 [13], and ESC04-models [5-7]. The ESC08- 
models are superior for hypernuclear data and many as¬ 
pects of the effective (two-body) interactions in hypernu¬ 
clei can be obtained using the ESC08-model. For exam¬ 
ple, this is the case for the well depth U^. 

Experience has shown that a good fit to the scatter¬ 
ing data not necessarily means success in the G-matrix 
results. To explain this one can think of two reasons: (i) 
the G-matrix results are sensitive to the two-body inter¬ 
actions below 1 fm, whereas the present YN-scattering 
data are not, (ii) other than two-body forces play an 
important role. However, since the NN + Y A^-fit is so 
much superior for ESC04- than for OBE-models, we are 
inclined to look for solutions to the remaining problems 
outside the two-body forces. A natural possibility is the 
presence of three-body forces (3BF) in hypernuclei which 
can be viewed as generating effective two-body forces. 
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which could solve the well-depth issues. In the case of 
the Ai?AA also 3BF could be operating. This calls for an 
evaluation of the 3BF’s NNN, ANN, EiViV, AAN, etc. 
for the soft-core ESC-model, consistent with its two-body 
forces. 

The AN p-waves seem to be better, which is the result 
of the truly simultaneous NN -|-FA^-fitting. This is also 
reflected in the better iFA-value, making the well-known 
small spin-orbit splitting smaller. 

In the course of the development of the ESC-model for 
baryon-baryon, up to and including ESC06 [65] it was 
tried to solve all problems for NN and YN, both for scat¬ 
tering and hypernuclear well-depth’s, by keeping the po¬ 
tentials restricted to meson-exchange. For that purpose, 
in ESC06 a ’super-extended’ the ESC-approach was stud¬ 
ied by including the second generation of the mesons, 

i.e. the heavy pseudo-scalar, vector, and scalar meson 
nonets. In the Quark-Model they would correspond to 
the first radially excited QQ-states, with masses in the 
range IGeV/c^ < M < \.7GeV/(?. With this extension 
it is possible to produce extra repulsion in the i;+p(^5'i), 
but correlated with this was an exremely strong attrac¬ 
tion in the E+p(^Pi) partial-wave. Although the ESC06- 
approach is not ruled out by the data, we think that 
the solutions presented with ESC08 are much more su¬ 
perior. In the future, such a ’super-extended’ ESC08- 
model may be explored. For example, the axial-vector 
and heavy pseudoscalar (7r(I300)) meson sectors can be 
studied more closely, furthermore, for the scalar mesons 
the inclusion of a finite width for the broad K-meson can 
be investigated. 


Appendix A: MPE interactions and SU{3) 

Below, cr,ao,Ai,... are short-hands for respectively 
the baryon SU(3)-singlet and -octet densities •ipAtp, 

'0757/i'^V’i_ Here, Xi, z = 0,1,..., 8 are the Gell-Mann 

SU(3)-matrices. 

For the pseudoscalar-, vector-, scalar-, and axial-vector 
mesons The SU (3) octet and singlet states appearing in 
the meson-pairs, denoted by the subscript 8 respectively 
1, are in terms of the physical ones defined as follows: 

(i) Pseudo-scalar-mesons : 

rji = cos 0prj' — sin Opr] 
rjs = sin 6prj'+ cos Opr] 

Here, r]' and ry are the physical pseudo-scalar 
mesons 77(957) respectively ?7(548). 

(ii) Vector-mesons : 

(pi = cos OyUJ — sin Oyp 
(ps = sindyuj + cos0v(p 

Here, <p and ui are the physical vector mesons 
(/)(I0I9) respectively a;(783). 


Then, one has the following 5'f/(3)-invariant pair- 
interaction Hamiltonians: 

1. = 0^ : S'C/(3)-singlet couplings = Spaly/S, 


T-Ls^pp = 


gSiPP 

V3 


{tt • TT + 2K'^K + 77878 } ■ O’ 


2. = 0++: 5't/(3)-octet symmetric couplings I, Sp = 
{SsTp ^ {l/^)Tr{S[P,P] + }, 

y-SsPP = I (ao ■ 7r)78 + ^ao • {K'^tK) 

\(KlK)r]s + h.c)^ 

+ ^/o (tt • TT - K^K - rjsVs) | 

3. = l+“: S't/(3)-octet symmetric couplings H, 

(I/4)Tr{i?^[V^,P] + }, 


T-Lb. 


VP = 


gBsVP / 1 


V6 


2 [(®i ■ Pr() ^8 + (Bi • 


~ [Bi • {K*'<TK) + h.c.] 
4 

I ■ 

"4 . 


{k\tK*) ■ Tt -1- {k\tK) ■ p -f- h.c. 

{k\ ■ K*)r]s + [kI ■ K)(Ps + h.c. 

pn-l (/rt .K + K^-K*)- PsVs 


4. = 1 : S'C/(3)-octet a-symmetric couplings I, 

= {VnTp ^ (-z/V2)rr{V^[P,5^P]_}, 

hLv^pp = gAsPP j 


+ - [ iF*V(Ar3^7r) — h.c. ) -|- i 


^ ( 


K*}- 


2 

(K- d^ps) - h.c.^ + I 

5. = I++ SU{3)-octet a-symmetric couplings H, 

= (A8)^ ^ (-z/V2)rr{A^[P, V^]_}: 

T-LasVP = gAsVP \ Ai • TT X p 


-t--Ai • [{K^tK*) - {rAtK)] 

( [{KWKa) ■ p + {K\tK*) ■ tt] - h.c) 

- h.c) 


F^yS/i ■ K* - RA . K] 

















31 


The relation with the pair-couplings used in this paper 
and paper I, see also [31], I is gsiPp/VS = g(,r 77 )o/™ir, 
9AsVP = g{Trp)il'm-T, etc. 

Appendix B: Axial-pair Potentials 

In this appendix we document the = 1“' -axial 
(ttw) 1-pair potentials, which have not been reported 
elsewhere yet. The involved meson-pairs can be read off 
from the SU(2) structure of the interaction Hamiltonian 
(4.27). 

Below, we denote the type of potentials by writing 


where n = 0,1 refers to the (l/M)-order, and the sub¬ 
script a + T indicates that only the spin-spin and tensor 
contributions are given here and not the spin-orbit po¬ 
tentials. 


1. NN-Potentials (S = 0,/ = l)-exchange, (Trcai) etc. 

To be specific, consider (7rw)i-exchange for NN and 
elastic EN potentials. One obtains: 

1. The leading, i.e. (l/M)*^-terms in momentum and 
configuration space are 


1^) = +9(,-nu,)i-,NNfNN-KGNNui ( CTl ’ kcr2 • ki -f CTi • ki(T2 • k ) X 


— ‘2'g(^TrLj-,NN)fNN ttG]\j 




(0) 


B,a 


where 


FbU^) = I (^l^'G + F'G' + F"G^ , 


B,T\ 


= ^(^-^F'G + F'G' FF"G] . 


1 1 

(Bla) 

mlM 

1 

mIJA 

(Bib) 


(B2a) 


Above uji = ^k} -I- and 0 J 2 = -^/k^ -I- mj,. For the Fourier transforms of the momentum pair-exchange potentials 
with gaussians form factors, we refer to the basic papers [31]. The superscript for the functions FB,a,T refers to the 
denominators \/uj1lo2 in (Bl). For these denominators, in the notation of [31], the functions F and G are 


F(r) =/2 (r,m^, A^) , G(r) =/2 (r,m^, A„) . 

Similar formulas apply to e.g. SN-potentials, and also to (Ar*Ar)i-pair exchange. 
2. The non-leading, i.e. (l/M)-terms, are 


1 


Fj+r(q, k) = -g(TrLj)i-NNfNNTrGNNuj 
^1/M,cr-|-T(^) ~ F2g(^T^i^'j^-j\;j\ff]\[NTrG]\[Nui 2]\/fj^ 


2Mn 


(Ti • k(T2 • k2 + (Ti • k2<T2 • k X 


1 


1 


■ 0-2 + S- 


wiW 2 (wi-I-W 2 ) rri^M. 

1 


mlM 


(B3) 

, (B4a) 
(B4b) 


where now superscript for the functions Fg\rp refers to the denominators l/u;iu; 2 (wi -I-W 2 ) in (B4). For this denom¬ 
inator the basic Fourier transform is [31] 


r\ nOC 

FW(r) = -/ dAF(A,r) G(A,r) 

Jo 


where the functions F and G are 

F(r) =/2 (r,m^(A), A^) , G(r) = J 2 (r, m^(A), A^) , 
with the understanding that under the A-integral in (B5) there occur the combinations 


Fk^Ur) = 


1 


3 \ r 


FG' F F'G' + F G"] , i (--FG' + F'G' + FG" 


3. The symmetric spin-orbit (l/M)^-terms, are 

= -5(7i-cj)i;ArAf/AfAfii-G'AfAfi.JTT2" oC®”! +'’’ 2 ) ■ H ^ k2 X — , 

J-Vlfq ^ ^2 


= —gFuj)i-,NNfNN-!rGNNLj 


mlM% 


/o(m^,r) (-i^/2(m<^,Ay,r) ) L-S, 


(B5) 

(B6) 

(B7a) 

(B8a) 

(B8b) 
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where 

We note that important contributions to the anti-symmetric spin-orbit potentials are proportional to (1/Mjv — 
1/My) ^ 1/M^. Also, spin-orbit potentials from OBE are order 1/M^. Therefore, we included this SLS-potential in 
the ESCOS-model. 


2. YN-potentials, (S=0,l=0)-Exchange, (7rp)o etc. 


The above given potentials also occur in YN- and YY-channels, of course. In this subsection we give as an illustration 
only the 1/M-contribution for the spin-spin and tensor. Again, to be specific, now we consider (7rp)o-exchange for 
AN potentials. We obtain: 


V'i+T(ct:k) = -2gAA;(7rp)o/iVJV7rGjVAfp „ . , [cT 1 ■ kcr 2 ■ k 2 ] X - - -;-- , 

2Mn wia;2(a;i-I-W 2 ) 


= -2g7VAr.(.,rp)o/Ai:7i-GAE, 

In configuration space we get 


1 


^ M\ My, 


~ ~^‘^9AA-{TTp)ofNNTvGNNpnj.^ ’ *^2 + 


[cTl ■ k. 2 (T 2 ■ k] X 


I 


a;iW2(wi + W 2 ) 


— +2gArAr;(,rp)o/AE7i-GASp 


2A4]\[ L 

1 

Ma + My 


• *^2 + G)^Ur) S 12 


( 1 ) 


B,T\ 


where 


-1 0 


F, 0 + F; 0 + E, 0 FJ , , 


G^rir) = i (-iF^ 0 f: + f; 0 f: + F 0^ F/ 


(BlOa) 

(BlOb) 

(Blla) 

(Bllb) 

(BI2a) 

(B12b) 


Here, again the superscript on the G-functions refers to the denominator in momentum space. For the denominators 
in (BIO) the functions F 0 g are given by[3I] 


where 


Fa ®Fii{r) = - [ dX Fq,(A, r)Fp{X, r) , 

Jo 

FaiX,r) = e“^^/^“/2(\/m2 A^r) . 


(BI3) 

(BI4) 


3. YN-potentials, (S = ±1,/ = l/2)-Exchange, (7rA*)i/2 etc. 

Again, to be specific, consider (7rF*)i/2"ex;change for AN potentials. One obtains: 

The leading, i.e. (I/M)°-potentials 

= +9i7rK-)-,ANfNN7rGNAK* ( CTi • kcTa • ki + (Ti • kiCTa • k ] X —^ • Vf , 

\ / ^1^2 


— +5(7rAT*);A7 v/aE7I-Gatek* ( CTj • kcr2 • ki + CTi • ki<T2 • k J X • F/ . 


I 


The configuration space potentials are: 

v;%(r) = -2g(^^ii‘)-,ANfNNnGNAK* ( F^0{r)(Ti ■ (72 + f4°t S'i2 


■F/ , 


V"j+r(^) = -2ff(77A:*);A7v/AE77Gjvsif ( F'^g0{r)(Ti ■ (72 +F''g’j.{r) S 12 


AO) 


AO) 


-Pf • 


(BI5a) 

(BI5b) 

(BI6a) 

(BI6b) 
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The non-leading, i.e. (1/M)^-potentials are 
k) = —g(-,rK»);ANfNN-!rGNAK 


14 +V(q, k) = —g(TrK*)-ANfAY.T^GNY.K* 
The configuration space potentials are: 
rW 


2M]\f 

1 


Ma + Ms 


v;%(r) = + 2 g(^^K*)-,ANfNN^GNAK^^^ iG^g]^{r)(Ti ■ (T 2 +G^s^j,{r) S12 


(Ti ■ kcr2 • k2 -I- <Ti • k2<T2 • k 
CTi • kcr2 • k2 -t- CTi • k2cr2 • k 


1 


UJiU}2{(jJl + OJ 2 ) 
1 


a;ia;2(a;i -I- UJ 2 ) 


■Vf, (B17a) 
•iP/.(B17b) 


2Mi\[ 


^(1) 


^(1) 


■Vf , 


— +2g(,rif);Aiv/AE7i-GArE_fs'« 


Ma -I- Ms 


■ <^2 + ‘S '12 


(1) 


■T^f- 


(B18a) 

(B18b) 


Above, 7^/ is the flavor-exchange operator, discussed in [12, 25]. In addition, we have to multiply these potentials 
with the isoscalar factors appearing in the Hamiltonian (4.26). For example for K — p and K — (j) pairs this factor is 
-f-x/S/d respectively —1/4, etc. 


Appendix C: Exchange Potentials 

In this section we follow our multi-channel description formalism in the treatment of the exchange potentials [7]. 

In the case of the anti-symmetric spin-orbit the exchange potential requires some attention, because their special 
features. The potentials in configuration space are described in Pauli-spinor space as follows 

V = Vc + V^CTI ■(T2 + Vt S 12 + VsLS L • S+ + Vals L • S_ + Hq Q 12 ■ (Cl) 

Here, the definition of the matrix elements of the spin operators are defined as follows 

(xL'(^)xi'(^)ki • o-2|xL(A)x1j(A^)) = (xL(A)kilxL(A)) • (xi/(^)kilXn(^)) , (C2) 

and similarly for the SU(2) and SU(3) operator matrix elements. In Fig. 8 the labels {m,n,m',n') refer to the spin, 
and the labels (a,/3, a',/?') refer to unitary spin, like SU(2) or SU(3). The momenta on line 1 are p and p' for 
respectively the initial and the final state. Likewise, the momenta on line 2 are —p and —p' for respectively the initial 
and the final state. 

Properties of this operator are 


P t = P p2 = 1 
7 /t Xl,mX2,n Xl,nX2,m j 
Pa ^l,k Pa — ^2,k j 
Pa ^ 2 ,k Pa — ^l,k • 

Similar properties hold for the flavor-exchange operator 
P/, but then for the SU(2) isospin operators or the 
SU(3) octet operators Afc. 

In the following we make only explicit the spin labels, 
but similar operations apply to the SU(2) or SU(3) labels. 


In graph Fig. 8 we encounter the matrix elements 

(cri)„/,„ = (xL'(^)kilxL(A)) , 

{(T2)n',n = (xl'(A) |(T 2 |x|^ (TV)) (C3) 

1. Spin-Exchange Potentials 

In order to project the exchange potentials on the 
forms in (Cl) we have to rewrite these matrix elements 
in terms of those occurring in (C2). This can be done 
using the spin-exchange operator P^: 

Pa = ^{l + cri- 0 - 2 ) . (C4) 

I 


Using this spin-exchange operator, we find that 

(xpm'(A^)xln'(A)|cri 0 I 2 - ll 0 0-2|xI,m(A)xU(AT)) = 

(^CTl O I 2 - ll 0 0-2^ Pa Pa\x\,mWxl,n(^)^ = 
-(xy„'(A)xl_„,(TV)|(cri0 12-110 0-2) U<,|xI,„(A)x^(iV)) . 


(C5) 
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FIG. 8: Particle- and spin-exchange for AN. 

Above, we added the subscripts 1 and 2 to indicate explicitly the baryon line that is involved. 

2. Spin- and Strangeness-Exchange Potentials 

In addition to the spin-exchange, we also have the flavor-exchange operator Pf active here. So, in total we have 
to apply —Pa- Pf = Px, he. the space-exchange operator. This latter relation follows from the anti-symimetry of the 
two-baryon states, which implies that only states with PfPaPx = —1 are physical. All this implies 

1. For the ALS-potential derived in K-exchange etc. one has in (Cl), considering both spin- and flavor-exchange, the 
operator 


ALS i (cTi - (T2) • L P^ 


(C6) 


2. For the SLS-potential derived in K-exchange etc. one has in (Cl), considering both spin- and flavor-exchange, the 
operator PfPa, but since 

cri-cr2(Ti,fc = cr2,k + if-kim crifa2,m , 

<T 1 • CT2 (T2.k — ^l.k “t” ^^klm ^2.l^l.m j 

one derives easily that 

Pa (cTi -t (T2) ■ L = (cTi -t (T2) • L , 

and therefore, similarly to (C5) we have, with the inclusion of the flavor labels, 

0 I 2 + ll 0 <^2\x\,mcy{^)xl,nfii 

{xl,n’P’Wx\,m'a’i^)\P]Pl 0 I 2 + ll 0 (T2^ I (A)xU/i (^) ) = 

{x\,m'a'i^)x\,n'P'i^)\ (<^1 0 I 2 + ll 0 0 - 2 ) -P/|xI,^a(A)X2 


(C7) 




(C8) 


So, for the SLS-potential derived in K-exchange etc. one has in (Cl), considering both spin- and flavor-exchange, the 
operator 


SLS ^1(^1+ 0 - 2 ) • L Pf 


(C9) 


This treatment for the SLS-potential also applies to the central-, spin-spin-, tensor-, and quadratic-spin-orbit 
potentials as well, of course. 
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We conclude this section by noticing that we have found, using our multi-channel set-up the same prescriptions for the 
treatment of the flavor-exchange potentials as in [25]. For the treatment of the ALS-potential for S = FI-exchange, 
our preseription here is more clear. For example in the ease of the coupled ^Pi —^ Pi system our prescription is 
unambiguous, and given by the Px-operator, which is the same for both partial-waves coupled in this case. 
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FIG. 9: K- and K*-exchange time-ordered graphs (a) and (b). 


Appendix D: Derivation BDI ALS-potentials for strange-meson-exchanges 

The contributions to the Pg-spinor invariant, see [26], 

Pg = 2 ^CTi • qcr2 • k - (Ti • k(T2 • , (Dl) 

for (AT, A'*)-exchange were given by Brown, Downs, and Iddings [16]. Here we derive these for (K, K*, Ki, K 2 ), and 
in particularly for the pseudoscalar K within the ps-pv theory. 


1. K-exchange ALS-potential (PS-PV Theory) 


We derive the K-exchange potential using the PV-theory, and show that we get the BDI-answer for the anti¬ 
symmetric spin-orbit potential (ALS). For graph (a) we get from the vertices the matrix element 
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where a = Ma — Mm- Summing these contributions gives 


VK(q,k) = -^ 


m: 


1 f 1 


+ - 


1 


TT L 
1 


1 


2u} \uj — a ui + a 
1 


(Tl • k(T2 • k 


Ma “1“ Mm 1 ^ — cl lo cl 


(cTi • kcr 2 • q — CTi • qcr 2 • k) 


'Pf 


11 

2 


m 


(Tl • kcr2 1^ — 2 


A^a ~ 
AfA 


(Tl • kcr 2 • q — (Tl • q(T 2 • k 


-Pf 


(D3) 


We notice that this result corresponds with the answer in the PS-PS theory. All this in the approximation {Ma 
Mm)~^ = (1/Ma + l/MAr)/4. Now, using the definitions in [12, 26] we have 


Ps = 2 I^CTi • qcr2 • k - (Ti • kcr2 • q^ 

Pe = (i/2) (cTi - <72) • n , n = p X p' = q X k , 
with the relation [16] Ps = — (1 + <ti • < 72 ) Pq = 2'PxPf Pe- This leads to the following expression 


VK(q,k) = - 


/I 


(Tl • k(T2 • k + 2 


A^Ta — A^a" 
AfA “1“ 


(i/2) (<7i - < 72 ) • n VxVf 


-Pf 


1 


(D4) 


2. K*-exchange ALS-potential 

Upon inspection, we find that the only contribution to the Ps-invariant is given by 


Vk* (q, k) 


1 ^13^24 ^ / P P' 

- 0?^^' \Mm Ma 

1 G13G24 


<72 • 


Ma Mm J 


Pf 


Au!^ — 

(T2 

1 G 13 G 24 


<7-1 


'^^Mm Ma)"^ 2{mm^Ma) 

Pf 


1 1 \ 1/1 1 V 

Ma Mm)"^ 2[ma^Mm) 


2 Vm^ 


- (— — 

4 \Mm ^ Ma 

1 


<7i • k<72 ■ k 


■ k- f- 


1 


1 


4 — a2 

|^<7i • q<72 • k — <7i • k<72 • q 

which gives the anti-symmetric spin-orbit potential 
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(D5) 


(D6) 


Finally, we mention the relation with another sometimes 
used form for the antisymmetric spin-orbit. Namely, we 
have <7i • <72 (<7i X < 72 ) = —2i(<7i — < 72 ) — <7i x < 72 , so that 


(<7i - < 72 ) = iPa (<Ti X < 72 ) . 


(D7) 
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